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With Westinghouse "Fixed Budget" Malntenance 


Now all maintenance on your x-ray 
equipment can be a fixed budget Hem. 
Westinghouse offers a new plan to 
assume continuous responsibility for 
keeping your equipment in peak op- 
grating condition. You pay a fixed 
monthly fee for the life of the contract. 
You gainthe benefits of reduced down- 
. time. You are protected against unax- 
pected repair biHs, and the trade.lri 


value of your equipment is preserved, 
Ail service is performed by quallfled 


- Westinghouse maintenance personnel 


using genuine Westinghouse parts, 

And service calls necessary between 

regularly scheduled inspectlons are 

free during normal working hours. 
Mall the coupon at. à 

right for more completo 

Information. 
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You can be sure If it's Westinghouse 
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Westinghouse Electric Corporation 
X-Ray Division. 
2519 Wilkens Avenue, Baltimore 3, Md. 


| am Interested In learning more about the 
Westinghouse “Fixed Budget" Malntenance 
plan. Our equipment is years old. 


Name 
Title. 
Address: 
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When you need a generator = 
doesn't it make sense 

to select a supplier 

whose line of generators 

is broad enough 

to include one 

which fits your needs 
precisely? 


Profexray offers 

a complete line 

of six different generators, 
to satisfy. a broad variety 
of radiological needs— 
from the busiest 
radiologist's office 

to the heaviest work loads 
in the largest hospitals. 


from 100 MA to 900 MA 
from 1/30-sec. to 1/360-sec. 
from 100 KVP to 150 KVP 


Profexray, Incorporated 
1401 North First Avenue 
Maywood, Illinois 
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Manuscripts offered for publication and other correspondence relating to the editorial management and 
books for review should be sent to Dr. Traian Leucutia, Editor, 110 Professional Building, Detroit 1, Michi. 
gan. Contributions may be sent in foreign languages and will be translated if found acceptable. Original 
articles are published with the understanding that they are contributed exclusively to Tug AMERICAN Jour- 
NAL OF ROENTGENOLOGY, Rapium THERAPY AND NUCLEAR MEDICINE., | 

À certain number of illustrations will be supplied free of cost; but special arrangements must be made with 
the Editor and Publisher for excess illustrations and elaborate tables. ME i 

Fifty reprints are furnished without charge to authors. Additional reprints may be purchased according to a 
scale of prices that accompanies galley proofs. As soon as each issue is printed, the type is destroved except for 
reprint orders in hand, Reprint orders must be returned with corrected galley proof to the Editorial Office if 
additional reprints are desired. 

Correspondence regarding subscriptions, advertisements, and other business relating to THE AMERICAN 
Journat or RoENTGENOLOGY, RADIUM THERAPY AND NUCLEAR MEDICINE should be addressed to Charles C 
Thomas, Publisher, 501-327 East Lawrence Avenue, Springfield, Hlinois. (All requests to be submitted in 
writing.) 





Manuscripts should be typewritten, with double spacing, and good margins (not on thin paper) and the 
original should be sent to the Editor. The author should keep a carbon copy, as the original is not returned. 
The name of the author should appear on each sheet of manuscript. Tabular materials should be tvped on 
separate sheets; likewise bibliographical lists, footnotes, etc. 

Drawings and charts for reproduction should be made in black (never in blue). Photographic prints of plates 
or slides on glossy paper produce the best half-tones. 

All photographs and drawings intended for illustrations should be numbered, the top plainly indicated, and 
an abbreviated title of the paper placed on the back of each one. 

Legends for illustrations should be typewritten in a single list, double spaced, with numbers corresponding 
to those on the photographs and drawings, instead of attaching each legend to its corresponding figure. 

Care in preparation of bibliographies will save much time and correspondence. Each reference in a bibliog- 
raphy should include the following information in the order indicated: Name of the author with initials: title 
of the article; name of the periodical; year, volume and pages. It is requested that the authors use the follow- 
ing as model: 

1, Olcott, C. T., and Dooley, S. W. Agenesis of lung of infant. £m. J. Dis. Child., 1943, 65, 766-780. 

The month should be given if the reference is to an issue of the current year. An alphabetical arrangement 
of the authors is requested. 

The author should always place his full address somewhere on his manuscript. This is very important and is 
often omitted. 
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Dosage and Administration: Cholografin Methylgluca- 
mine (Methylglucamine lodipamide Injection U.S.P.) — 
20 cc. (adults) and 0.3-0.6 cc/Kg. body weight (chil- 
dren). Cholografin Sodium (lodipamide Sodium Injec- 
tion N.F.) ~ 40 cc. (adults) and 0.6-1.2 cc./Kg. body 
weight (children). Give only by slow LV. injection. 


Supply: Cholografin Methylglucamine (Methylgluca- 
mine lodipamide Injection U.S.P.), providing 52% 
methylglucamine iodipamide — 20 cc. vials and ampuls. 
Bound iodine content is about 26% (5.2 Gm./20 cc). 
Cholografin Sodium (lodipamide Sodium Injection N.F.), 
providing 20% iodipamide sodium — 20 cc. vials. Bound 
iodine content is about 13% (2.6 Gm./20 cc.). 


Side effects: If injected in less than 10 minutes, there 
may be transient restlessness, sensations of warmth, 
pressure in upper abdomen, and nausea. 


“Outstanding 
contribution"! 
in cholangiography 


Rapid Optimal Opacifications: When 
liver function is normal, Cholografin 
(Squibb Methylglucamine lodipam- 
ide Injection U.S.P. or Squibb lodi- 
pamide Sodium Injection N.F.) 
outlines the biliary ducts (even after 
cholecystectomy) in about 25 min- 
utes; an intact gallbladder is com- 
pletely opacified within 21⁄2 hours."* 


High Diagnostic Accuracy: A statis- 
tical evaluation of the accuracy in 
diagnosing bile duct disease in post- 
cholecystectomy patients is reported 
to be 86%.’ In another series,” diag- 
nostic interpretation was made in 
almost 70% of patients with chronic 
cholecystitis. 


Intravenous cholangiography is "the 
method of choice for gallbladder 
visualization in infants. 


CHOLOGRAFIN 


SQUIBB IODIPAMIDE 


Precautions: LV. test dose may be given. Stop exam- 
ination upon evidence of allergy. In rare cases, ana- 
phylactoid reactions may occur. Contraindicated in 
combined severe impairment of renal and liver function. 


For full information, see your Squibb Product Refer- 


ence or Product Brief. 


References: (1) Cohn, E. M.: Am. J. Gastroenterol. 35:115 
(Feb.) 1961. (2) Jones, M. D., et ahi d. Pediat. 53372 (Aug) 
1958. (3) Machella, T. E.: Gastroenterology 34:1050 (June) 
1958. (4) Orloff, T. L.: Am. J. Roentgenol. 80:618 (Oct.) 1958, 
(5) Johnson, G., Jr., et aL: Ann. Surg. 7152:91 (July) 1960. 
(6) McClenahan, J. L.: Pennsylvania, M. J. 62:188 (Feb.) 1959. 
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THE NEW, IMPROVED BARNES-HIND PVEUMOCOLON® 


One simple procedure for complete barium-air contrast studies... 
minimizing the possibility of contamination. 

Controlled barium flow is maintained through Pneumocolon's 

positive pressure, 

Leakproof stability is assured by new cap and gasket assembly. 
Unbreakable flask is made of virtually indestructible linear polvethvlene. 
Increased capacity, sufficent to complete any examination, is insured 
by Pneumocolon's new large (2,000 cc.) flask. 

Light. easy to handle. Compact design results in a Pneumocolon that 


4 ส 
* 


measures only 61/2" from the base of the flask to the top of the triangle. 


|, BARNES-HIND BARIUM PRODUCTS 
DIVISION OF BARNES-HIND PHARMACEUTICALS, INC. 


: Sunnyvale, California 
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For absolutely 
unsurpassed 
sharpness of 
radiopaque 
delineation, 
either in air con- 
trast or in other 
techniques, use 
It is a specially 
processed Barium 
sulfate which 
mixes ta a 
virtuallv perma- 
nent suspension. 
Environmental 
changes during 
use do not result 
in precipitation, 
peeling, cracking, 
or clumping 

of the barium. 

Hs flow is steady, 
consistent, and 





columnar, Its cov- 
erage is complete, 
Its coating is thin, 
elastic, tenacious. 
An ideal aid 

io precise 
examination. 
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VideoKecording 


instantly recreates 
your fluoroscopy 
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it’s like reliving the examination 


play it back immediately 
to provide on-the-spot confirmation of what you’ve 
done and guidance for further procedure (no waiting 
for darkroom processing as with cinefilm) 


slow it down 


decelerate to 1/60 normal speed for slow-motion 
survey of fast-moving action 


‘“freeze’’ a decisive moment 


stop any significant frame for detailed scrutiny: 
hold it still for as long as five minutes 


study and restudy anytime, now or later 
recreate the examination as often as necessary 
without further irradiating the patient 


transmit to multiple monitors 
in the room itself, in the radiologist’s office, 
in the auditorium — during the examination or any 
time later 


easy to record 


SONY 


AEA pushbutton start and stop: by remote control at 
tableside or directly at recorder 


The SONY X-Ray Videocorder 


. offers the added advantages of 
slow-motion and single-framing 


. is instantly adaptable to any existing TV equipment 
. is marketed/serviced in the U.S.A. exclusively by Picker 


get the full story from your local Picker representative, or write 
PICKER X-RAY CORPORATION, White Plains, N.Y. 





FOR X-RAY DIAGNOSIS... 


ITROPAQUE 


BARIUM SULFATE, U.S.P. 91% 
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Chis highly-processed for- 
mula was developed to 
satisfy multiple criteria for 
an ideal suspension, and 
has optimum particle size, 


> Gives a smooth, even 
coating to the stomach. 
small bowel, and colon. 

b Wil not dry or “flake” 
in the colon for an 
hour or more allowing 
re-examination on 
same visit, 

ษ Non-foaming, stable 
formula allows excess 
suspension to be 
saved and used 
another day. 

P Will not precipitate or 
agglutinate in the 
stomach to cause 
factitious lesions. 


Lafayette Pharmacal, Inc. 
Lafayette, Ind, vy.5& 


- Please send me a free sample ol 
Intropaque. 
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Mail Coupon Today for FREE Sample d Address. 
LAFAYETTE | | RR ..Zone Sto 0 
LAFAYETTE PHARMACAL แฟ อา ล ด ร จ้ CRDI 
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E | IMPERIAL II puts the radiologist 
P in the center of control 
lere is an x-ray system totally centered on the user. 
A s the table turns through 180° of angulation on its 
P unique orbital ring, he remains its visual and functional 
center — literally the focus of operation and control. 
Even in myelographic studies he does not have to move 
¡down to the end of the table and stoop over uncomfort- 
ably to view. The table top moves . . . 
the fluoroscopic screen or intensifier 
stays in the center of his area 
of attention and control. So he 
remains in one place, able to carry on 
all procedures of this intricate study, free of any strain 
J or inconvenience. The basic radiographic-fluoroscopic 
Imperial II is an x-ray unit of evident superiority. When 
additionally equipped for image intensification, tele- 
vision, rapid sequence filming, or tape recording of 
fluoroscopic images, it becomes a system without equal — 


combining every advanced means of operation, and every 


convenience for the radiologist during examinations. 


Progress /s Our Most Important Product 


GENERAL A ELECTRIC 





PERFORMANCE WRAP-UP 


.. facts on the Imperial II diagnostic x-ray system 


Imperial IF is a completely integrated, deluxe diagnostic x-ray unit. including 


table. fluoroscopic facilities and bilateral overhead tube hanger. 


180° TABLE: 


The Imperial table features a concentric, 
double-ring mounting supported from 
floor and wall. It provides lateral table 
travel for 1315 inches, electrically locked; 
plus motor-driven table-top travel length- 
wise 30 inches beyond either end of table. 
Angulation centers on a fixed single axis, 
maintaining the ideal relationship for ob- 
servation and operation all during fluor- 
oscopy: the radiologist is always in the 
center of control. 


IMAGE INTENSIFICATION: 

The General Electric Fluoricon direct- 
viewing optical system delivers bright, vir- 
tually life-size images for one or more 
viewers. Easily loaded 16mm or 35mm 
G-E cameras provide the means for per- 
manent recordings. Vidicon TV cameras 
yield images of exceptionally high resolu- 
tion. A wide selection of closed-circuit 
television systems and television tape re- 
corders round-out the viewing arma- 
mentarium. 


FLUOROSCOPIC PROVISIONS: 


Automatic spot-film device, with nine- 
position sequence selector. Phototiming 
options provide for exact degree of auto- 
mation you require. Telescoping tower 
does not project above spot-film unit... 





allows clear field of view from both 
front and rear sides of the x-ray table. 


RADIOGRAPHIC FEATURES: 


Orbital operation extends to the tube 
hanger. Full bilateral excursion of x-ray 
tube is 11 x 12 feet. And thanks to the 
wide area tube coverage, cart radiography 
is extremely easy. Bucky operation allows 
changing grid to suit technic. Table-top 
and tube hanger excursion accommodate 
rapid film changers with ease. High- 
voltage cables automatically wind onto 
concealed take-up reels when not in use. 


The Imperial II diagnostic x-ray system has many 
facets not touched on here — too numerous for 
effective treatment in this limited space. We wel- 
come the opportunity to acquaint you with them. 
See your G-E x-ray representative for the story of 
the Imperial II. Or write X-ray Department, General 
Electric Company, Milwaukee 1, Wis. 


Progress /s Our Most /mportant Product 
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They provide insurance against any gas evolution that may occur during 
an accidental overload or extremely heavy duty service. The Dunlee 
getter is not and has never been intended to be used as a pumping device 
to speed up our exhaust processes. 


They make possible the use of thoriated filaments for valve tubes. 


They are made of Barium, a cold getter that acts as a keeper to absorb 
gases released during tube shelf and service life. 


They provide a quick check as to whether the tube is maintaining its 
vacuum. 


They work while either hot or cold. 
They have a greater capacity than getters in comparable size tubes. 


They are efficiently deposited within a large pre-determined end portion 
of the tube envelope. 


They provide a good electrical termination to relieve the high voltage 
gradient at the ends of the tube envelope. 


CORPORATION 





DEPT. B 1023 S. PUSHECK RD. * BELLWOOD, ILLINOIS 


New one-factor selection 
frees technician to 
concentrate on patient 


kV is the only factor your technician is 
required to select. Once that is done, she 
presses the exposure button and the auto- 
matic system does the rest. 

Proper density is guaranteed by the 
Amplimat, the automatic ionization-type 
exposure control which measures the aver- 
age X-ray quantum acting on the film over 


several selectable areas. To ensure positive 
positioning, the lightbeam indicator projects 
the location of the measuring areas on the 
patient. Just as in the case of the modern 
camera, automatic exposure with Amplimat 
pays off in consistent production of opti- 
mum radiographs. 

Predictable contrast is guaranteed by 





Only Norelco offers this system, 
which provides flawless 
radiographs automatically 


automatic line correction and by the essen- 
tially constant voltage output characteristic 
of a 3-phase generator. 

Sharpness is increased by the ‘continu- 
ously falling tube-load principle’, which per- 
mits shortest possible exposure time with 
maximum available tube loading. Optimum 
sharpness is assured when taking advantage 





MANUPACTURED FOR NORELCO BY PHILIPS ML 


of the high load characteristic and small 
focal spot sizes of the Super Rotalix tube. 

Our systems engineers are available, at 
your convenience, to discuss this system. 

North American Philips Company, Inc, 
Medical Division, 100 East 42nd Street, 
New York, New York 10017. In the Chicago 
area: 749 Howard Street, Evanston, Illinois. 


Woreleo 
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three-phase x-ray equipment 


Triplex Optimatic 





For complete information 
contact your local X-Ray dealer 


with... 


€ Mechanical or electronic contactor 


€ High tension transformer equipped with 


selenium rectifiers in twelve-pulse 
system 


€ Operation of up to four double-focus 
X-Ray tubes 


€ Capacity—1000mA at 100kV 
300mA at 150kV 


€ Exposure timer: 1/360 to 8 seconds 
€ Two or three component operation 
€ Automatic tube protection 


€ Exposure rates: 
Electronic contactor—to 50/sec. 
Mechanical contactor—to 8/sec. 


SCHICK X-RA 


company, inc. 


444 North lake Shore Drive « Chicago, lilinois 60611 


JUDGED AMONG [HE FINEST 


...1n gold, enamel, pearls, the Rospigliosi Cup, exquisite 


masterwork of Benvenuto Cellini, ranks with the bes 
decorative pieces of the Renaissance. Today, researc 
development and dedication make Gevaert medica 
X-ray film one of the best you can buy...or use! 


GEVAERT 


X-RAY FILM 


Exclusive Distributors: 


LOW X-RAY CORPORATION 
161 Sixth Avenue, New York 13, N. Y. 


Other Offices: 
Atlanta « Chicago » Houston « Los Angeles 
Nationwide Warehousing 


Courtesy of the Metropolitan Museum of Art 
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Five Radiation Lab Functions 
You Can Perform Best 
with a 


GAMMASCOPE 





1. Using mixed tracers in absorption studies 


The 100-channel Gammascope will function as a dual-peak 
spectrometer, clearly displaying the energy peaks of both 
elements on the visual and printed spectrum. Both elements 
are counted automatically and simultaneously. 


2. Working with short-lived isotopes 


Half-lives of less than a day are problems for scanning de- 
vices, but the Gammascope, with fast automatic data ac- 
cumulation, can complete a spectrum analysis in far less 
time than it takes to materially affect the isotope's energy. 


3. Determining isotope purity 

Monitoring samples to determine their purity or to check the 
specifications of matched samples are other laboratory 
processes that can be completed quickly and accurately 
with the greater resolution, counting speed and readout effi- 
ciency of the Gammascope. 


4. Using several isotopes in succession 


Itis a simple matterto recalibrate the Gammascope for each 
new element used. Simply set the adjustable visual window 
to intensify the primary energy peak. The window adjusts 
to any width (number of channels) and any location on the 
energy spectrum. 


9. Making diagnostic and experimental 
spectrum analyses 


in whole body counts, uptake studies and other biophysical 
radiation applications, the Gammascope will complete a 
spectrum analysis in a fraction of the time a scanning spec- 
trometer takes. All pulses are stored in the 100-channel 
magnetic core memory while the cathode-ray tube simul- 
taneously displays the build-up of the spectrum. To make a 
complete analysis you calibrate in one step, start the 
analysis and the automatic accumulation takes over. The 
completed count — determined by the pre-set live timer — 
can be printed out on the digital printer. 


The Gammascope pulse analysis system includes built-in 
linear amplifier, high voltage supply, visual display and ex- 
ternal printer — $5990 (export slightly higher). 


For complete data contact the nearest TMC office or Tech- 
nical Measurement Corporation, 441-3 Washington Avenue, 
North Haven, Connecticut. 
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development and dedication make Gevaert medica 
X-ray film one of the best you can buy...or use! 


GEVAERT 


X-RAY FILM 


Exclusive Distributors: 


LOW X-RAY CORPORATION 
161 Sixth Avenue, New York 13, N, Y. 


Other Offices: 
Atlanta » Chicago « Houston « Los Angeles 
Nationwide Warehousing 


Courtesy of the Metropolitan Museum of Art 





Five Radiation Lab Functions 
You Can Perform Best 
with a 


GAMMASCOPE 





1. Using mixed tracers in absorption studies 


The 100-channel Gammascope will function as a dual-peak 
spectrometer, clearly displaying the energy peaks of both 
elements on the visual and printed spectrum. Both elements 
are counted automatically and simultaneously. 


2. Working with short-lived isotopes 


Half-lives of less than a day are problems for scanning de- 
vices, but the Gammascope, with fast automatic data ac- 
cumulation, can complete a spectrum analysis in far less 
time than it takes to materially affect the isotope's energy. 


3. Determining isotope purity 


Monitoring samples to determine their purity or to check the 
specifications of matched samples are other laboratory 
processes that can be completed quickly and accurately 
with the greater resolution, counting speed and readout effi- 
ciency of the Gammascope. 


4. Using several isotopes in succession 


It is a simple matter to recalibrate the Gammascope for each 
new element used. Simply set the adjustable visual window 
to intensify the primary energy peak. The window adjusts 
to any width (number of channels) and any location on the 
energy spectrum. 
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9. Making diagnostic and experimental 
spectrum analyses 


In whole body counts, uptake studies and other biophysical 
radiation applications, the Gammascope will complete a 
spectrum analysis in a fraction of the time a scanning spec- 
trometer takes. All pulses are stored in the 100-channel 
magnetic core memory while the cathode-ray tube simul- 
taneously displays the build-up of the spectrum. To make a 
complete analysis you calibrate in one step, start the 
analysis and the automatic accumulation takes over. The 
completed count — determined by the pre-set live timer — 
can be printed out cn the digital printer. 
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The Gammascope pulse analysis system includes built-in 
linear amplifier, high voltage supply, visual display and ex- 
ternal printer — $5990 (export slightly higher). 


For complete data contact the nearest TMC office or Tech- 
nical Measurement Corporation, 441-3 Washington Avenue, 
North Haven, Connecticut. 
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Perfect contact, sharp definition, pinpoint elicitation of detail, and eas 
of handling characterize-the quality-concept of Wolf cassette construction 
The perfection of Wolf craftsmanship is your assurance of the ultimate ir 
film security for all the applications of cassette utilization. 

Wolf cassettes are available in both economy and deluxe styles, in al 
sizes in use today (including centimeter sizes) and may be had with photo 
timing as well. And here's good news! . .. When ordering a Wolf cassette 
be sure to ask for Wolf intensifying screens to be included... It will bé 
our pleasure to mount them for you! 

For a comprehensive evaluation of the Wolf cassette, consult with youl 
dealer. He will be most pleased to serve your interest . . . and remember 
quality is a matter-of-fact condition at Wolf — where we are dedicated tc 
Creating Tomorrow's Traditions... Today. | 


Manufacturing Headquarters: 93 Underhill Avenue, Brooklyn 38, New York 
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LARGE-SIZE 
INFORMATION ON 


70 MM FILM 


The 70 mm spot-film camera faith- 
fully records the highly informative 
image produced by the 9" Image In- 

tensifier. Definition approaches that 

of normal full-size radiographs. 
Application of this camera means that: 
The X-ray dose can be reduced by a 
factor ten to twenty per exposure e Con- 
siderable savings can be effected in 
film material ๑ Less filing space is re- 
quired ๑ The 0.3 mm focus can be 
used for radiography. The camera 
is tuned to efficiency in the broad- 
est sense. ๑ The amount of film in 


PHILIPS 


the feed cassette can be checked 

๑ The feed cassette has a capacity of 
30 metres of normal 70 mm film; the 
take-up cassette holds maximum 3 
metres: equal to 40 exposures ๑ A built- 
in cutter provides for immediate removal 
of single lengths of film down to one frame 
๑ Automatic threading of the film onto the 
spool eliminates loss « A film marker 
numbers each exposure photograph- 
ically to simplify identification and filing 

e An exposure counter synchronized 
with the marker, indicates the re- 
levant number. 


PHILIPS in the service of the 
- | medical world 


For further information please apply to the Philips organisation in 
your country. Sold in the U.S.A. by: North American Philips 
Company, Inc., Medical & Dental Division, 

100, East 42nd Street, New York 
17, N.Y. 






“Got 
the 
processor 
unjammed, 
Miss Jones?” 


"m 
Miss Smith- 
and | wish 
you'd get 
CRONAR 


film so this 
machine 

wouldn't jam 
so often” 





You'll see many pleasant changes when you get 
a film with CRONAR* polyester film base. CRONAR 
is almost impervious to water and processing solu- 
tions. That's why CRONAR films don't go limp in 
automatic processing units—these films transport 
better, with less chance of jamming. 


Three major hospitals, where processors jammed 
several times a month (or a week!), switched to 
CRONAR —and haven't had a shutdown in a year 
and a half. Ask your Du Pont Technical Repre- 
sentative or your Du Pont Dealer about other 





advantages of CRONAR base. Or 
write us at: Wilmington, Delaware 
19898. After all, isn't it worth an 
effort to see Miss Jones in the 
daylight? 


*Du Pont's registered trademark for its polyester film base 
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The CRITERION of performance and economy 
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Designed for precision and convenience in fixed 
beam and multiple port techniques — at very low cost 
of purchase, operation and maintenance. 








e field sizes up to 33 em x 33 em at $0 cm SSD 


comprehensive beam control 





guaranteed 9000 rhm sourcehead capacity 


wide choice of accessories. 
The ELDORADO 8 is one of A.E.C.L.s nc 


ation of cobalt units. Based on 13 years of experience, 
these units have been entirely designed since 1960 and 
meet the sophisticated requirements of the up to date 
clinic. 





w gener- 


he! 

















For full information on the Eldorado 8 or A.E.C.L.’s 
other new units, please write: 





ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products Divisions P O. Box 93 + Ottawa + Canada 


63-3M 

























He Is A 
Specialist Dedicated To 
YOUR X-Ray Needs! 





The STANDARD Franchise Dealer is a local business man, 
established and rooted in his area, taking a just pride in serving you 
and performing his civic duties. He is an integral part of the 

local community and is not subject to transfer out of it on short 
notice. He is dedicated, motivated, oriented and trained to be 
thoroughly qualified as an expert to interpret your individual needs 
and translate them into the kind of X-ray equipment that will serve 
you best, today AND tomorrow! He is personally—and permanently— 
answerable for both the correct installation and the proper 
maintenance of this equipment. His "Johnny-on-the-spot" 
availability and cooperation when you need him for anything 

and everything in his field is unsurpassed—and he spends ALL 

of his time in the X-ray field! STANDARD Dealers are located 

in all principal cities from coast to coast. 


The Standard X-ray Equipment your local Franchise Dealer sells 
and services is made by one of the oldest companies in production of 
X-ray apparatus, established more than a half century ago, 


shortly after the discovery of X-radiation itself. STANDARD d 
manufactures a complete line of highest quality X-ray apparatus... "LL 






exclusively... and has operated continuously under the same 
management since its inception, building an impressive reputation 
for itself and its products. 


These products are remarkably low priced due to STANDARD'S e 
unique production methods, low overhead and favorable financial ^] 
framework, making a solid basis for complete confidence on *. 
your part that your investment in STANDARD equipment means : 
sound business judgement. This value is added to your assurance 88 
that the Standard X-ray Company and its Dealers will continue 
to render the same unequalled service you have come to 

expect, far into the future! 















* For more than 50 years—in quality, value, service— 
STANDARD is the standard! 









X-RAY COMPANY 


1932 N. Burling Street, Chicago 14, HI 
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coming events will cast their shadows 


The need for gallbladder surgery, for example. Better contrast visualization, of course means 
more precise diagnosis — the reason why well-tolerated Telepaque (brand of iopanoic acid) 
has so firmly established itself in oral cholecystography and cholangiography. Telepaque not 
only provides gallbladder shadows with better contrast, and improved visualization of the 
ducts, but it does so without disturbing gallbladder physiology. Convenient and economical, too. 





Side effects, which are usually mild, include nausea, vomiting, diarrhea, dysuria. Contraindica- 


tions are acute nephritis and uremia, and gastrointestinal disorders which prevent absorption 
of the medium. 


Usual Dosage: 3 Gm. (6 tablets) at night after a light supper. Tablets of 500 mg., envelopes of 
6 tablets, boxes of 5 and 25 envelopes; and bottles of 500. 


® 
well-tolerated medium with distinctly better contrast Te | e pat u e 


brand of iopanoic acid 
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PLUG IN EXTRA CONVENIENCE 





NEW 


MODEL 
400 
PROGRAMMER 


IT 

for the Pascha: ata Universal Automatic Seriograph. 

Convenience, an outstanding feature of the Universal Automatic Seriograph, ac- 
quires even greater significance with the addition of the Model 400 Programmer. 
Designed to be plugged into the Seriograph without modification, the Model 400 
provides: e Complete series time selection for the high-speed, 12-cassette Auto- 
matic Seriograph e Individual time-interval control of each cassette ๑ Preselec- 
tion — and reselection — of time intervals e Control from remote site e Integral 
cassette counter ๑ Portability for desk or wall operation e Easy adaptability to 
automatic dye injectors e Please address your in- 
Simple adaptability to bi- quiries to: The Automatic 
plane operation. e Obtain Seriograph Corp., 4900 
complete information about Calvert Rd., College Park, 
the convenience-enhancing Maryland. Our telephone 
Model 400 Programmer. number is: UNion 4-5678, 
THE AUTOMATIC SERIOGRAPH CORPORATION 


A DIVISION OF LITTON INDUSTRIES 








Dependability 
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[n the key decisions of diagnosis, you must rely professionally on 
radiographs in which you can place full confidence. Speed that reduces 
risk of involuntary movement on the part of the subject, that sharpens 

detail; gradation that unfailingly produces a wide range of opacities with 
correct contrast; these properties are vital to consistent quality 

and to avoid wasteful rescheduling of procedures. Other important 
factors are fineness of grain and the utmost in reproducibility. All are 
characteristic of Ilford Red Seal X-ray Film, crafted in the finest British 
tradition. Each package bearing the Ilford Red Seal label is the product 
of continuing research and highest scientific standards. Red Seal X-ray 
Film in all standard sizes and bulk pack, together with Ilford Chemicals 


and Intensifying Screens, are available through your regular dealer. 


STANDARD ILFEX X-RAY FILMS » CHEMICALS « INTENSIFYING SCREENS 


ILFORD INC. 


37 West 65th Street, New York, N.Y. 10023 
In Canada: W. E. Booth Co. Limited, 12 Mercer Street, Toronto 2B 
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ANOTHER VARIAN CLINAC" 6 MEV 


, 


Varian's ninth Clinac is being con- 
structed for the Hamilton Clinic of 
the Ontario Cancer Foundation. In 
addition to the eight Clinacs now 
in service, Varian has delivered an 
additional 14 linear accelerators in 
the United States and abroad. In the 
background is one section of wav 
guide, and the modulators tor a 135 
MEV linear accelerator being devel- 
oped ior the University of Sas- 


rsity 
katchewan, where it be used 








will 
for advanced photo-nuclear studies 


E 


E The Clinac system produces greater 
than 400 rad. min’ meter, flattened 
to 73?/e. Focal spot is less than 3 
mm. Leakage radiation outside of 
the main cone is less than 0.1°/o of 
central axis intensity. The X-ray head 
has beam-defining jaws which move 
on arcs subtending the target and 
provide a wide range of field sizes 
from zero to 27 x 30 cm at 1 meter. 


B Theaccelerator may be rotated 360^ 
about the horizontal axis, while main- 








taining 1 meter between the target 
and the isocenter. No floor cutouts 
are required. Total variation of X-ray 
field flatness is maintained within 
£3%6 during 360° machine rotation. 


B The Clinac system has an overall 
height of seven feet, eight inches. It 
can be accommodated in a room with 
ล ceiling height of eight feet. The 
complete system is self-contained, 
consisting of only the accelerator and 
the control console. No separate 
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พ Specially-designed patient support 
assembly permits rapid positioning 


Gentlemen: Please C] Send me additional techni- | 
cal information. [7 Send me the Clinac brochure. | 




































and treatment oí large numbers of m Send me the Clinac color/sound film. [3 Have : 

: s : ntative call on me. ; 
patients on a routine basis. : 
Write for our comprehensive bro- D | 
chure on the Clinac system, Your in- S | 
quiries are invited in relation to STREET. = A — 0 
Varian's new deterred-payment plan CITY. - 1 ๋ 
for medical organizations. To dem- —- “0 


onstrate the Clinac accelerator in ac- 
tion, Varian will loan without charge : 


ATR mm carne 


ASSOCIATES RADIATION DIVISION : 
611 HANSEN WAY: PALO ALTO, CALIF. : 
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TYPE N for use with intensifying screens 


Speed: fast 
Contrast: good 
Grain: normal 
Base: blue, safety 


Type N film is faster than the most widely used 
medical X-ray film in the United States—and it costs 
less. This film is available with square corners in 
boxes of 25 or 75 interleaved sheets. For rounded 
corners, and extra savings on economical Ferrania 
prices, order Type N in bulk packages of 300-sheet 
interleaved, or 500-sheet non-interleaved films. 
Bulk-packed Type N film is specially designed for 
processing in all automatic developing units. 


SIMPLEX non-screen, for use with direct X-rays 


Speed: very fast 

Contrast: good 

Grain: fine 

Base: blue, safety 

No casselte is needed with Simplex film—each 
sheet is sealed in a lightproof exposure envelope 
for radiography of limbs and extremities. Con- 
venient guide lines divide the upper surface of the 
envelope permitting accurate masking of the film 
into four separate exposure areas. 25 Simplex ex- 
posure envelopes are packaged per box. 


GAMMA for ultra fine tissue work 


Speed: slow 

Contrast: extremely high 
Grain: extremely fine 
Base: blue, safety 


This new Ferrania film brings unprecedented detail 
to mammography and other ultra-fine tissue radio- 
graphy. Gamma film is compatible with all standard 
developing systems, and is packed 25 exposure 
envelopes per box. 


IC for very fine tissue work 


Speed: medium 

Contrast: high 

Grain: very fine 

Base: blue, safety 

IC2, slightly faster than Gamma film, permits addi- 
tional savings for mammography and similar fine 
tissue work when the maximum requisites are high 
contrast and very fine grain. It is packed 25 exposure 
envelopes per box.. 


X2A and X3V for photofluorography 


Speed: fast 

Contrast: high 

Grain: fine 

Base: blue, safely 

Ferrania films for photofluorography record all de- 
tails of the smallest structures. X2A is highly 
sensitive to blue and violet light, and is used with 
blue fluoréscing screens. X3V is orthochromatic, 
and is used with yellow-green fluorescing screens. 
Both films are available in 100- or 550-ft. rolls of 
70mm-wide film, wound emulsion side in on cores. 


DIRECT POSITIVE for fast reproduction 


Speed: medium 

Contrast: excellent 

Grain: fine 

Base: clear, safety 

The special, clear safety base of this film permits an 
exceptional reproduction of any radiograph. None 
of the definition or contrast of the original will be 
lost, In fact, this film can actually be used to im- 
prove these factors. Direct positive film does not 
utilize intermediate copies and makes reproduc- 
tions in as little as two minutes. It is packed in 
boxes of 25 interleaved sheets. 


Seven ferrania 
X-ray films meet 
your needs for 
quality radiographs 


Ferrania offers substantial savings on excellent 
medical X-ray films for all diagnostic applica- 
tions. Name your requirement—screen or non- 
screen radiographs, fine tissue work, or photo- 
fluorography. Ferrania has six films of unmatched 
quality to fill these needs. The seventh, a high- 
contrast, direct positive film, reproduces even 
the finest details of a radiograph. Ferrania- 
formula chemicals, in addition, guarantee that 
the high contrast and clarity of Ferrania films 
will be retained during processing. 


Every sheet and roll of film meets Ferrania's 
exacting standards of performance. This is true 
for the film you buy today, next month, or next 
year. Suchconsistency is the result of Ferrania’s 
exacting quality control program—one that has 
supplied films of premium quality to the world 
for more than 35 years. 


To find out more about Ferramia quality, test it. 
A request to Cenco X-Ray brings a test quantity 
of film (any of the seven types) and a catalog 
from your local Ferrania dealer. Also included: a 
copy of Radiographica, a technical journal of 
X-ray diagnosis published as a service by 
Ferrania. CXR-4-212 


U.S. DISTRIBUTOR OF 


MITRE Ferrania 


X R A Y RADIOGRAPHIC MATERIALS 
a division of Cenco Instruments Corporation 


1700 Irving Park Road ๑ Chicago, Illinois 60613 


Sales offices and warehouses: 
Jamaica, N. Y., Chicago, Ill., and Santa Clara, Cal. 
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for Versatile Radiographic Views 


A radiographic unit plus—with remarkable speed and ease of use! A fully counter- 
balanced, bucky-tube positioning structure with INDEPENDENT ADJUSTMENT of: 


Focal-film distance * Tube angulation * Bucky angulation 


๑ Over-all combined angulation * Height 


Conveniently handles a wide variety of conventional techniques plus many special tech- 
niques such as: Direct image magnification * Stretcher bucky radiography * Skull and 


sinuses. 
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CONTINENTAL X-RAY CORPORATION 


1536 NORTH CLYBOURN AVENUE, 


CHICAGO, 


ILLINOIS 60610 
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Write for new litera- 
ture illustrating the 
VERTA-VUE’s many 


Uses, 


ไร ไร ล ว —— —— 


MAIL COUPON FOR FREE CATALOG! | 


Medical —Dental —Industrial X-Ray Developing Tanks 





A complete selection of the newest send coupon for catalog B-36 
X-ray processing equipment. Finest 
l | NAME 
type 316 stainless steel construction. Position 
Counter top and self-standing styles. COMPANY 
Insulated units, water tempering, ADDRESS 
| and re-circulating equipment. CITY & STATE | 
9 เ แ ๒ ๒ เว ค ล แม, แผ ๐ _ 





2929 S. Halsted St., Chicago, ghi 312 Victory 2-6588 














See these units on display at the Medical Merchandise Mart, Lincolnwood, III. 
West Coast Office: McCauley Co., 1814 W. 8th St., Los Angeles 57, Calif. 
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It is the definitive photo-mechani- 
cal isotope scanner. It offers a 
host of operating and perform- 
ance superiorities that take the 
guesswork out of scanning and 
that establish a new order of fi- 
delity, convenience, and reliability. 


Nuclear-Chicago's Model 1735 
PHO/DOT Isotope Scanner pro- 
duces a superb display of the 


location and concentration of iso- 
topes in organs or areas of the 
body. Data is recorded on X-ray 
film by a photorecording system 
and is also printed on paper by a 
dot recording system. 


The instrument incorporates 24 
significant advances in both hu- 
man engineering and electro-me- 
chanical design. 


These advances are the key to 
PHO/DOT's increasing accept- 
ance and are portrayed in red by 
the symbols above. They con- 





PHO/DOT IS A NUCLEAR-CHICAGO TRADEMARK 


tribute materially to simplified 
procedures and all but eliminate 
the chance of operator error. 


Your Nuclear-Chicago sales en- 
gineer will be happy to review 
PHO/DOT for you in detail. Please 
consult him or write for our PHO/ 
DOT brochure. 


( 


NUCLEAR-CHICAGO 


A DIVISION OF NUCLEAR-CHICAGO CORPORATION 


307 Howard, Des Plaines, Illinois 60018 


It is the sensitive new high-speed 
scintillation camera. It accurately 
pictures the distribution of iso- 
topes in the body in from one to 
fifteen minutes and produces 
stop-motion images of dynamic 
processes. 


Nuclear-Chicago's Model 6401 
PHO/GAMMA Scintillation Cam- 
era rapidly and with great sensi- 


tivity visualizes isotope distribu- 
tion in the body. Readout is 
displayed on a cathode ray oscil- 
loscope and is then recorded on 
photographic film. 


Completed images are achieved 
three to ten times faster than pos- 
sible with even so superior a 
photo-mechanical scanner as 
PHO/DOT on the opposite page. 


PHO/GAMMA also produces 
rapid-sequence pictures of the 
flow of isotope-labelled com- 
pounds into and out of an organ. 
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PHO/GAMMA IS A NUCLEAR-CHICAGO TRADEMARK 


Such "isotope movies'' (repre- 
sented above in red) provide pre- 
viously unobtainable insights into 
body processes. 


Your Nuclear-Chicago sales en- 
gineer can describe the success- 
ful operation of the first instru- 
ments already installed.nuc:p--217 
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NUCLEAR-CHICAGO 


A DIVISION OF NUCLEAR-CHICAGO CORPORATION 


307 Howard, Des Plaines, Illinois 60018 





E-Z-EM Prepackaged Disposable Barium 
Enema Kits offer maximum convenience 
coupled with the utmost in diagnostic quality. 
Retrograde filling enables the E-Z-EM Barium 
Enema to be prepared in less than 60 sec- 
onds, with no spillage, waste or mess. Colloi- 
dal-like barium, with a micro-particle size of 
0.1 to 0.3 microns, ensures fast flow rate and 
long-lasting suspension — in the E-Z-EM Bag 
and in the patient. 


The Single-Stage Double-Contrast Exar 
tion, the newest, most convenient, do 
contrast technique, was developed with 
is based on, the use of E-Z-EM Barium Er 
Kits. 

Different barium formulations (with or : 
out tannic acid), based on your needs 
requests, are available. You choose 

technique, and then standardize on it 
E-Z-EM. E-Z-EM Barium Enema Bags, ' 
out barium, are also available. 


EXCELLENT X-RAYS, NO MESS, NO WASTE, NO CROSS-PATIENT CONTAMINA| 


Isn’t today the day you order E-Z-EM? 
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Mix thoroughly for about 30 gy Add air if double contrast exam is 


Complete prepackaged disposable barium colon e 


E-Z-EN 


PATENT PE! 
*Customized formulations available. 


Available through your local x-ray supply dealer. 
Write for literature and information. 


Connect to water tap with tubing T gl t 
| Add small amount hot water. Mix 7 seconds. Disconnect from water tap 4 desired. Clamp tub ng with hemo E-Z EM COMPANY, 212 0X j 
Add water to desired density &» Bleed air and water from system AJ stat. Administer enema 130 Maple St., Great Neck, Long Island, N.Y, | 516 HU 


P. S. Ask about SOL-O-PAKE, the new pleasant barium formulation for upper Gl’s. 
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8 A 8 OT R A ST is unaffected by changes in pH: no 


(Barium Sulfate U.S.P. in specially micronized form) precipitation or clumping. Delinea- 
tion of the rugae of the stomach is extremely good, and the stomach wall 
is covered so that no portion is left uncoated. 

ll Passes from the stomach to the duodenum in a smooth flow through the 


pyloric sphincter. The duodenal cap is completely delineated to illustrate 
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a product of 
BARNES-HIND 
BARIUM PRODUCTS CO. 





Div. of 
Barnes-Hind 
Pharmaceuticals, Inc. 





895 Kifer Road 
Sunnyvale, California 





the clinical situation demands 
conclusive, differential diagnosis 


consider these contrast media 


Hytrast^ (iopydone, iopydol 

Ethiodol® (ethiodized oil) 

Lipiodol® 28% (iodized oil) 

Lipiodol® 40% (iodized oil) 

Ascendant Lipiodol® (floating iodized oil 
Visciodol* (Lipiodol-sulfanilamide) 


...and procedural aids 


Colo-Bar® (ready-to-eat cholagogue) 
Polysorb” Hydrate (for radiation dry skin 


CONTRAST MEDIA—— DEVELOPMENTS OF GUERBET LABORATORIES 


AE E FOUGERA & COMPANY, INC. HICKSVILLE, L. I., NEW YORK 
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... You still wouldn't 
ee all these hidden values 


Todav's General Electric X-Ray transformers have improve 
ments, right down to basic materials. While appearance 
design is evident to all, sophisticated engineering design calls 
for knowledgeable insight. 

Starting with the core itself, consistent radiographic per- 
formance is tailored-in. Alloys, treated to elongate and align 
their crvstalline structure, achieve magnetic flux densities 
unheard of a few years ago—-assure you far greater efficiency. 
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Other improvements reduce impedance to assure output reli- 
ability. Thoriated tungsten kenotrons, with their inherent 
"low-drop" voltage characteristics, also contribute to stability. 

Although you couldn't see these hidden values even il x-ray 
transformers had transparent covers, the General Electric 
name plate is solid evidence they are there ready to provide 
consistent radiography. 
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Progress ds Our Most Important Prodvet 


GENERAL CO) ELECTRIC | 












NOW! 


SUCCESSOR TO THE 
HUGH H. YOUNG TABLE... 


In addition to the basic features of its predecessor—the proven, dependable 
Hugh H. Young Table—the new HYDRADJUST Urological X-Ray Table offers 
many new features and conveniences designed to meet the requirements of 


๒ 0 0 


today's urological and radiological procedures. Among the important new 
features — f 


e Built to accommodate Image Intensification units. 

€ Greater elevation range—from low of 29" to high of 57". 

@ Greater tilt range—from 15° Trendelenburg to 88° upright. 
๑ Disposable sterile drain bag for splash protection. 


e "Floating" table top with both longitudinal and transverse move- 
ment for easier patient positioning. 


๑ Mobile foot and hand controls for greater operational convenience. 
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AT THE RADIOLOGICAL AND ROENTGEN RAY CONVENTIONS AND AT THE NATIONAL AND SECTIONAL UROLOGICAL CONVENTIONS 


LIEBEL-FLARSHEIM COMPANY {7 


DIVISION OF RITTER COMPANY INC. 





“CINCINNATI, OHIO 45215 = = 








“Trademark, Liebel-Flarsheim Division of Ritter Company Inc. 
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Aided by accurate blood volume determination with VOLEMETRON, and hematocrit data, 
your choice of whole blood, plasma, packed red cells, or expander enables optimum re- 
placement therapy to meet the patient's specific needs. Precise, easily obtained blood 
volume information can help avoid the hazards of under- or overtransfusion —or un- 
necessary transfusion. Blood volume data can also aid in diagnosis and management of 
hypervolemia, hypovolemia, fluid translocation and loss. With VOLEMETRON, blood volume 
determinations can be obtained at the bedside, in the O.R., in the laboratory - quickly, 
easily, accurately. VOLEMETRON is attested by over 30 clinical papers, and is in clinical 


use in hundreds of hospitals throughout the world. 
For further information and literature, or to arrange 
a demonstration of VOLEMETRON in your hospital, 
contact Ames Atomium, Inc., 575 Middlesex Turn- 
pike, Billerica, Massachusetts 01865. 


VOLEMETRON 


ORIGINAL AUTOMATIC ELECTRONIC BLOOD VOLUME COMPUTER 


aues ATOMIT, IMG. 


Billerica, Massachusetts 


affiliated with Ames Company, Ine. 13288 | 
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There’s A Size Pakorol to Fit 
Your Needs, Space and Budget 


Automatically processes and drys X-Ray film 


Pakorol—Answer 
to Quality Results, Fast 


Minneapolis, Minn.— Hospitals, 
clinics and even the smallest X-ray 
offices can now enjoy the benefits 
of automatic X-ray film processing. 
The larger Pakorol-X and the 
small Pakorol-XM each offer a 
fast, complete, automatic roller- 
type processing system at a low cost. 


Fast, high quality 
processing and drying 

The PAKOROL-X will process 
120, 14" x 17" radiographs per hour 
—the PAKOROL-XM processes 65 


14" x 17" radiographs per hour—all 
with uniform quality. 


Space Limitations 
No Problem 


The Pakorol-X M (miniature) is so 
small, neat and economical, multiple 


installations have often proven to be 
the answer to efficiency, speed and 
cost cutting. 


Ultimate in Functional 
Construction 


Some of the many reasons the 
Pakorol-X and XM drew crowds at 
recent conventions are: Full worm 
and gear driven racks, no chains; 
quiet roller type operation; 614 min- 
utes processing time (Pakorol-X) 7 
minutes (Pakorol-XM) Right and 
Left hand models; large capacity; 
processes all brands of medical 
screen film in sizes 4" x 4" through 
17" x 36" and roll film in widths of 
17” or less; No. 4 satin stainless 
steel finish. 


Parts, Service, Training 


PAKOROL EQUIPMENT is backed 
byestablished Pako Partsand Service 
programs. User training courses are 


offered regularly at the Pako factory. 
Let the Pako Planning Service show 
how the Pakorol-X and the Pakorol- 
XM will fit your X-ray Department. 
A suggested layout, tailored to your 
requirements and space will be pre- 
pared upon request, at no obligation. 


Se น น น ส น et EO น น น MENS ATUM ท พ SO ก cimus GATES AME unum RR 


i Clip and Mail Today 
| Please send complete data on— 


LJ] PAKOROL-X Ll] PAKOROL-XM 


NAME 
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HOSPITAL Or CLINIC 
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PARO CORPORATION 
6300 Olson Memorial Highway 
Minneapolis 40, Minnesota, U.S.A. 


PAKO FOR PROGRESS 
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Get wider latitude, better definitio 


with Ansco High-Speed film processed in Liquamat? Chemicals. 


Remarkable radiographic detail and contrast 
— the two factors that mean most to you — 
have made High-Speed Film a "right hand" 
in radiology. 

And if you process High-Speed Film in an 
automatic roller processor, new Liquamat® 
Chemicals bring a new degree of radio- igefl ANSCO 
graphic quality. Tests also show that no X-RAY PRODUCTS 
other chemicals for automatic processing ส ก ล ย SINGHAMTON NEW YORK 


ส เพ ขอ ๕ ค 08 NEW YOK 


t 


equal Liquamat in the elimination of arti- 
facts, sludging and staining. 

Let your Ansco Man, an expert in the tech- 
nical requirements of radiography give you 
a demonstration of these fine materials. 
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9 NEW BOOKS 
FOR ROENTGENOLOGISTS 


SPECIAL PROCEDURES IN ROENTGEN DIAGNOSIS by 
Samuel L. Beranbaum, Sr. Barnabas Hosp. for Chronic Dis- 
eases, New York City, and Phillip H. Meyers, Tulane Univ., 
New Orleans, La. No other single text on diagnostic roentgenol- 
ogy covers such a wide assortment of special procedures, Hun- 
dreds of techniques are included—angiography, aortography, 
arthrography, air contrast, barium enemas, pneumoarthrog- 
raphy cholangiography, voiding eystourography, body section 





doit" book with detailed instructions from original sources to 
enable complete execution of procedures. March 764, 628 pp. 
(Amer. Lec. Roentgen Diagnosis edited by Lewis E. Etter), 
$21.75 


RADIOACTIVE METAL MOBILIZATION IN MEDICINE 
by Alexander Catsch. Technische Hochschule and Nuclear 
Research Center, Karlsruhe, Germany. Translated from German 
by Bergene Kawin, Veterans Administration Hosp, Fort 
medicine-—the removal of potentially hazardous radionuclides 
from the mammalian and human body. Emphasis throughout is 


on the use of a well-defined group of chelating agents—the syn- 
thetic polyaminopolycarboxylic acids. Other approaches—izo- 


topic dilution, hormones, diuretics, etc.—are also treated. March 
‘64, about 200 pp., about 46 il. (Amer. Lec. Living Chemistry 
edited by I, Newton Kugelmass), about $8.00 


THE REDUCTION OF PATIENT DOSE BY DIAGNOS. 
TIC RADIOLOGIC INSTRUMENTATION edited by Rob- 
ert D. Moseley, Jr., and John H. Rust, both of Univ. of Chi- 
cago, Chicago, HI. (With 29 Contributors) One of the most 
rapidly developing aspects of medical science is the application 
of modern engineering technology to medical problems. The col- 
loquium, of which this work is a written record, was arranged to 
further the exchange of information between radiologist and 
engineer with a view to the future development of diagnostic 
radiologic instrumentation. Engineers, physicist and radiologists 
from industrial and academic research and development labora- 
tories share their experience, their newest developments and 
their theoretical considerations. Jan. '64, 300 pp., 145 il., $12.50 


Sent on Approval 


in USA & Canada 





THE PRACTICE OF COUN. 
TRY RADIOLOGY by Donald 
de Forest Bauer, Klamath 
Valley Hosp., Klamath Falls, Ore. 
May '63, 288 pp, 109 iL, $11.75 


LAW, MEDICINE, SCIENCE 
—AND JUSTICE edited. by 
Larry Alan Bear, Univ. of 
Puerto Rico, Rio Piedras, Puerto 
Rico. Assisted by Brian Parker. 
(With 20 Contributors) Feb. '64, 
656 pp., 38 iL, $14.50 


PRINCIPLES OF RADIO- 
GRAPHIC EXPOSURE AND 
PROCESSING (2nd Ed. 2nd 
Ptg.) by Arthur Fuchs, Ro. 
chester, N.Y. March '64, 300 pp. 
(7 x 10), 600 il, $10.50 

THE PHYSICS OF RADIOL- 
OGY (2nd Ed. 2nd Ptg.) by 
Harold Elford Johns, Univ. of 
Toronto, Toronto, Canada. March 
‘64, about 788 pp. (7 x 10), 469 
il. (Amer. Lec. Radiation Ther- 
apy edited by Milton Friedman), 
about $23.00 


DISEASES OF MEDICAL 
PROGRESS: A Contempo- 
rary Analysis of Ulness Pro- 
duced by Drugs and Other 
Therapeutic Procedures (2nd 
Ed.) edited by Robert H. 
Moser, U. S. Army Tripler Gen- 
eral Hosp., Honolulu, Hawaii. 
(With 22 Contributors) March 
'64, 572 pp., $19.75 


THE CHEST FILM IN MAS. 
SIVE PULMONARY EMBO- 
LISM by Daniel J. Torrance, 
Jr., The Johns Hopkins Univ., 
Baltimore, Md. Nov. '63, 88 pp. 
(815 x 11), 76 il. (Amer. Lec, 


Roentgen Diagnosis), $6.75 





CHARLES C THOMAS * PUBLISHER 


301-327 East Lawrence Avenue 


Springfield © Illinois 
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x-ray viewing Is less of a strain with 


HALSEY EASY-VIEW BANKS 





standing or sitting, you'll find the viewing 
more comfortable —- and diagnostic comparison of a 
series far easier — with these new angulated banks. 


Available in wall-mounted and mobile models 
(extra accessories: shelf; shelf drawer; 
central switch panel instead of individual 
switches on each illuminator tier). 


Supplied with Instant Grip continuous film 
holder — grips film instantly, releases as 
readily, automatically provides just the 

right holding pressure; grips any size film, 
anywhere along the viewing surface. Wet-film 


holders included on vertical sections. No. 2308-1-A-SH-CS 
4-an-4, with shelf and 


central switch panel 





No. 2304-1-A-€S 
4-hank, with central 
switch panel 


ALL HALSEY ILLUMINATORS FEATURE... 


e Photometer-tested lighting to insure even light 
distribution 


๑ improved P-80 Plexiglas front panel — ground 
glass finish on its inner surface provides 10% 
better lighting 


e "invisible" welds — with no sharp corners 


๑ Easily removable Plexiglas panel to prevent chip- 
ping of corners 
e Grommeted electric cord set with molded rubber 


plug to protect electrical connections against 
damage due to accidental tugs 


* UL approval 


No. 2308-1-MD-A-CS 
4-on-4, with mobile desk base 
and central switch panel 
Abank model also available 


Through your dealer — or write for detailed literature 





X-RAY PRODUCTS, : 
1425-37th Street, Brooklyn 18, N. Y. 


CHICAGO: 7321 Monticello Ave., Skokie, Hiinois 
ANGELES: 1816 W, Bth $t. Los 





5 57, Calif. 
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9 other things... ๒ 


Xthility in line spacing 





The distance separating successive scan 
lines is one of the factors determining 
how long it takes to make a scan. The 
Picker Magnascanner lets you set it 
according to (1) the organ being 
examined and (2) the size of the defect 


being investigated, anywhere from 0.2 
to 1.0 cm. 


The Magnascanner also lets you adjust 


the size of the lightspot to your taste 
and to the line spacing selected. 


Some other scanners give you a meager 
choice of only three line spacings, and 
allow you no discretion whatever in 
choosing lightspot size. 
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the versatile scanner / the proven scanner 


PICKER NUCLEAR 


DIVISION J PICKER X-RAY CORPORATION 
WHITE PLAINS, NEW YORK 


THE AMERICAN JOURNAL 


OF ROENTGENOLOGY 


RADIUM THERAPY AND 
NUCLEAR MEDICINE 





ANATOMY AND TERME 
GASTRIC SURGERY" 


By H. JOACHIM BURHENNE, M.D. 


SAN FRANCISCO, CALIFORNIA 
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HE radiologic study is the most TABLE | 
important pr ocedure in the diagnosis BASIC COMPONENTS OF GASTRIC SURGERY 
of the postoperative stomach. In order to SE uu BAT RET cE UD AAE PGI CC Ee t e a CER ERs i A 


. Extent of gastric resection 
. End or side anastomosis 
i. Ánterior or posterior anastomosis 


extract all the available information from ! 
this examination, the radiologist must fully 7 
ป $ H 

| 'stand an assortn of gastric opera- arene 0 . 
unde! a ind m assortment of gastric opera 4. Superior or inferior anastomosis 
tions (Table 1, Fig. 1 and 2). Ihe. large 5. Large or small stomal diameter 
number of eponyms used, however, in the — 6. Slow or rapid gastric emptying 
surgical literature and the lack of semantic . Antecolic or retrocolic gastro-jejunostomy 
i ร ห อ ร ห both complex and discour- : Right-to-left or left-to-right direction of anas- 
€— tomosis 
dS B: 9. Short or long proximal jejunal limb 

In 1939, Pólya? enumerated 49 typical 10. Horizontal or oblique plane of anastomosis 
methods available for the re-establishment 11. Direction of gastric emptying 
resection. He pointed out that the particu- 


lar surgical procedure carrying his name 

was, in fact, performed earlier by 11 other 
well known surgeons, one of whom was 
Hofmeister. The “Hofmeister procedure," 
on the other hand, was practiced first by 
Eiselsberg. The custom of attaching a sur- 
geon's name to a certain operative modifi- 
cation loses even more of its significance 
when we learn that the so-called "Hofmeis- 
ter valve" was devised after his death, 
a by both Lake and Finsterer. e 
Nomenclature is useful when clear in 





definition and when universally : acceptable. 
Terminology such as "partial gastrectomy” 
and "gastro-duodenostomy"' is readily un- 
derstood, whereas “Billroth 1” means little 
in countries where the same procedure 1s 
named after Péan and Rydigier. This par- 
ticular operative procedure was, in fact, 
performed first by these latter two sur- 


geons. 


The existing dilemma was well exempli- 
fied by Ogilvie's* attempt to distribute 
surgical credit. He described the most satis- 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California, 


don 


PANTIAL GASTRECTOMY AND GASTRO-DUODENOSTOMY 
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PEAN 1879 RYDIGIER 1880 KOCHER 1893 SHELTON - 
BILLROTH I 788! AORSLEY 1926 


SHOEMAKER 19/0 FINNEY /922 AAGERER 7955 F/NSTERER 
HABERER /925 


lic. 1. Varieties of gastro-duodenostomy. 


PARTIAL GASTRECTOMY AND GASTRO-J EJUNOSTOMY 
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BILLROTH E (1885) KRONLEIN (1888 (ANTE-) E/SELSBERG |. /889 
POLYA 1911 (RETRO-COL/C) FINSTERER 
HOFME/STER 





ROUX-EN-Y 1893 MOYW/HAM 1923 WH/PPLE 1935-40 


Pic. 2. Varieties of gastro-jejunostomv. 
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Fic. 3. When compared to eponym 


factory gastrectomy as “the high posterior 
Finsterer-Lake-Lahey modification of the 
Miculicz- Kronlein- Hofmeister- Reichel- 
Polya improvement of the Billroth 1 
gastrectomy with a large valve and a 
small stoma.” 

When eponyms are u sed, the information 
in a patient's record or in ส ท operative or 
roentgenologic report is neither useful nor 
precise. We suggest that a purelv descrip- 
tive terminology is best suited for all pur- 
poses. It defines clearly, may be applied to 
existing or future operative modifications, 
and is understood widelv (Fig. 3 and 4). 


COMPONEN 


If all variants of gastric surgerv are 
analvzed, 11 basic components become clear 
(Table 1). Any combination of these vari- 


PTS OF GASTRIC SURGERY 
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POSTERIOR 

SIDE- TO- SIDE 
GASTROENTEROSTOMY 
WITH RETROCOLIC 
LEFT - TO- RIGHT 
ANASTOMOSIS 


MCS A E IES CET DEGREE mal on ct TOIT ara SRN a Ts 


DISTAL 4% GASTREC- | 
TOMY WITH END- 
TO-END GASTRO- | 
DUODENOSTOMY 


DISTAL /4 GASTREC- 
TOMY WITH ANTE- 
COLIC END-TO-SIDE 
RIGHT-TO-LEFT | 
GASTRO-JEJUNOSTOMY | 
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terminology is clear and understood widely. 


ants will determine a different surgical 
procedure. The knowledge of these building 
stones is fundamental for the understand- 
ing of postoperative anatomy and mechan- 
ics. Furthermore, an ani aly sis of these 
components by roentgenologic techniques 
represents the best diagnostic evaluation of 
the postoperative status. 


1. EXTENT OF GASTRIC RESECTION (Fic. 5) 


If the surgeon aims at removal of the 
acid-bearing portion of the stomach, usu- 
ally a resection of the distal two-thirds or 
three- quarters is performed with the in- 
clusion of a sleeve of the duodenal bulb. 1f 
the surgical objective is to resect the 
gastrin-producing portion of the stomach, 
an antrectomy or distal hemigastrectomy, 
including a duodenal sleeve, is performed. 


A 


OPERATION 





— “WHIPPLE ” 


lic. 4. Descriptive terminology 


Woodward? has pleaded for more ac- 
curate use of the term “subtotal”? gastrec- 
tomy, employed much too freely in “partial” 
gastrectomies. An estimate based on the 
roentgenograms of the amount of stom- 
ach remaining after resection mav be mis- 
leading because the remnant enlarges with 





Extent of gastric resection. 


bree. 
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DISTAL Y4 GASTREC- 
TOMY WITH ANTE- 

COLIC LEFT-TO-RIGHT 
END-TO-SIDE 
GASTRO-JEJUNOSTOMY, 
COMPLETE STOMA 

AND BI-DIRECTIONAL 
EMPTYING 


DISTAL 7 GASTREC- 
TOMY WITH 
RIGHT-TO- LEFT 
END-TO- SIDE 
GASTRO-JEJUNOSTOMY, 
RESTRICTED STOMA 
AND FORWARD 
EMPTYING 
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DISTAL 4% GASTREC- 
TOMY WITH RETRO- | 


COLIC RIGHT-TO-LEFT | 
GASTRO-JEJUNOSTOMY | 
AND END-TO-SIDE | 
CHOLEDOCHO- 
JEJUNOSTOMY 


i$ best suited for all purposes. 
delayed gastric emptving and its size de- 
creases with mechanical dumping. 

2. END OR SIDE ANASTOMOSIS (Fic, 6) 

The four different types of anastomosis 
possible are described as end-to-end anasto- 
mosis, end-to-side anastomosis, side-to-side 
anastomosis, or side-to-end anastomosis. 
The original partial gastrectomy and gastro- 
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Fic. 6. End or side anastomosis. 


Vot. 91, No. 4 





jejunostomy was performed as a side-to- 
side anastomosis (Billroth 11), whereas 
todav an end-to-side anastomosis is cus- 
tomary (Fig. 2). 


d. ANTERIOR OR POSTERIOR ANASTOMOSIS (Pic. 7 4) 

It is important for the radiologist to 
realize that the stoma is not always in- 
corporated into the stomach at its cut end, 
but that it mav be placed into the anterior 
or posterior wall of the stomach. Theretore, 
the gastric pouch may hide marginal ul- 
cers (Fig. 7 B). If the opening lies on the 
posterior wall, superimposition of air in the 


Gastric Surgery 


Fic. (4) Anterior or posterior 
anastomosis. (8) Gastric pouch 
may hide marginal ulcers. (C) 
Air contrast study permits vis- 


ualization of the posterior stoma. 


stomach will permit visualization of a good 
air contrast of the stoma itself (lig. 7 C). 
4. SUPERIOR OR INFERIOR ANASTOMOSIS (Fic. 8 7) 


The restricted stoma may be incor- 
porated into the cut end of the stomach 
superiorly to the right at the lesser curva- 
ture (Fig. 8 B) or inferiorly to the left at 
the greater curvature. Depending on its 
placement, the preference of gastric empty- 
ing into either the proximal or distal limb 
will be influenced. 


5. STOMA L Size (FIG. 9) 


The entire cut end of the stomach may 
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Fic. 


5. CT) Superior or inferior anastomosis. (B) 
Sup erior anastomosis is rarely performed. 


be utilized for. a complete stoma, the so- 
called "Pólva" gastrectomy. For a re- 
stricted stoma (so-called “Hofmeister” gas- 
trectomy), the cut end of the stomach is 
partially closed. 


Fic. g. Stomal size. 
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lic. 10. Gastric emptying time and 
reservoir function. 


(Vic. 10) 
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6. GASTRIC EMPTYING TIME 


The normal gastric reservoir is lost in all 
patients after gastrectomy, and rapid 
emptying into the jejunum is present to 
some degree. The gastric emptying time is 
particularly accelerated with the more 
extensive gastric resection and in the 
presence of a large stoma.** Surgical re- 
vision of a large stoma into a small one, or 
conversion from a gastro-jejunostomv into 
à gastro-duodenostomv has restored better 
function of the reservoir! Kirklin® pointed 
out that the rugae in the gastric remnant 
mav appear accentuated because of rapid 
emptying and incomplete distention of the 
remaining stomach pouch. 


7. ANTECOLIC OR RETROCOLIC GA STRO-JEIUNOSTOMY 
(lic. 11) 

The jejunum may be placed in front of 
the colon or behind it through a surgical 
opening in the mesocolon. Roentgeno- 
logically, its placement is best distinguished 
in the obliq ue and lateral projections. If the 
colon is ou E bv gas, better estimation 
of position is possible. In the antecolic 
anastomosis, 


ally is 


the proximal jejunal limb usu- 
longer than in the retrocolic. 





Fio. 11, Antecolic or retrocolic 
gastro-Jefunostomy. 
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Fic. 12. Right-to-left or left-to-right direction 
of anastomosis. 


8. RIGHT-TO-LEFT OR LEFT-TO-RIGHT 


(TiG. 12) 


ANASTOMOSIS 


The anastomotic loop consists of a 
proximal (afferent) and distal (efferent) 
jejunal limb. The proximal limb coming 
from the duodenum will lead to the lesser 
curvature in a right-to-left gastro-jejunal 
anastomosis. In this case, the distal limb 
leaves from the greater curvature (aniso- 
peristaltic or antiperistaltic). Conversely, 
the proximal jejunal limb is attached to the 
greater curvature of the stomach in a left- 
to-right anastomosis. The distal jejunal 
limb leads away from the lesser curvature 
(isoperistaltic). 

If the proximal jejunal limb fills, the 
position of the ligament of Treitz and the 


Vic. 13. Length of proximal jejunum. 





Fic. 14. Plane of anastomosis. 
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Fic. 15. Direction of emptying. 


duodenal loop are the best landmarks for 
its identification. Usually, the distal je- 
junal limb follows the remainder of the 
small bowel in a forward manner. Also, the 
direction of peristalsis, which is best studied 
with cineroentgenograph v, helps to identity 
the tvpe of anastomosis performed. 


9. SHORT OR LONG PROXIMAL JEJUNAL LIMB (TG. 13) 


An antecolic anastomosis usually requires 
a longer proximal jejunal limb. [fit fills and 
is demonstrated roentgenologically, the 
length of the proximal limb should be 
stated in the report. Long proximal limbs 
are more frequently associated with post- 
gastrectomy complications. 





Fic. 16. Gastrostomy with feeding tube. 
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lic. 17. (4) Pseudodiverticulum deformity usually seen with pyloroplasty (Heineke-Mikulicz). (B) Gastro- 


duodenostomy (pyloroplasty) (Finney). Note the more vertical arrangement of the duodenum following its 


27 


mobilization (Kocher), 


é 


IO. HORIZONTAL OR OBLIQUE ANASTOMOSIS (FIG. 14) 


The anastomotic plane is important in 
the determination of the direction of gastric 
emptying. Most surgeons perform an ob. 
lique anastomosis with more extensive 
gastric resection along the lesser curvature. 





Fic. 18. Distortion of the fundus after wedge 
resection for benign gastric tumor, 


Combined with an inferiorly located stoma, 
this anastomosis will result in preferential 
emptying into that jejunal limb which has 
been attached to the greater curvature. 


11, DIRECTION OF EMPTYING (Fic. 15) 


The factors listed under 4, 5, 8, and 1 ๐ 
influence the jejunal direction of gastric 
emptying. The operation with the best 
functional result is a one-way gastrectomy 
with emptying into the distal jejunal limb? 
Filing of the proximal jejunal limb and 
even preferential gastric emptying into it 
do not necessarily imply a malfunctioning 
and symptomatic gastro-jeJunostomy. Ít is 
distention and stasis with delayed empty- 
ing of the proximal limb and duodenum 
that indicate a pathophysiologic situation. 


DISCUSSION 


In medical practice, such words as 
46 gy 2 pee LY. yy . . 
efferent” and “afferent” are as impractical 
as eponyms. They require frequent spelling 
for clarification, whereas "proximal" and 
“distal” are easily understood. One is 
tempted to forget the ambiguous terms 
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astrostomy and large 





ulcer recurrence. 
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soperistaltic" and “antiperistaltic in 
favor of the clear definition “left-to-right 
or “right-to-left” anastomosis. The radiolo- 
gist, however, must be familiar with the 
common language of gastric surgery. He 
has to master both eponyms for consulta- 
tion and clear descriptive terminologv for 











istrectomy and ante 


Fic. 20. (4 and B) Total g 





colic, 





his reports. Only close consultation between 
the surgeon and the radiologist allows the 
extraction of the best possible diagnosis 
from the roentgenologic study. 

Because of geographic variation in usage, 
no universally acceptable list of eponyms 
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end-to-end esophago-jelunostomy with end-to- 


side jejuno-Jejunostomy (“Roux-en-Y”). 
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and 5) Total gastrectomy and end-to-side esophago-jejunostomy with side-to-side jeiuno- 
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lio. 23. (4 and B) Total gastrectomy and end-to-end esophago-duodenostomy. 


eponyms used in North America would be 
defined as follows: 


Billroth r--Any partial gastrectomy 
with gastro-duodenostomy. 
Billroth 11—All varieties of partial gas- 


trectomy an d gast ro-] ej unostomv. 

Pélya—Any gastro-jejunostomy using 
the entire cut end of the stomach for 
the anastomosis. 


a restricted stoma and partial closure 
of the cut end of the stomach. At pres- 
ent, the names of Pólya and Hofmeis- 
ter are used independently whether 


the anastomosis is antecolic, retrocolic, 
left-to-right, or right-to-left. 
Roux-en-Y-—Anv end-to-side jejuno- 


jejunostomy with or without anas- 
tomosis with the esophagus, stomach, 
duodenum, gallbladder, bile duct, or 
pancreas. 


Most roentgenologic examinations of the 
gastrointestinal tract are performed with 
the patient's history lacking. Therefore, 
routine questioning about previous opera- 
tions is necessary before contrast studies 
are begun. Even when the clinician 15 
aware of previous gastric surgery in a 
patient, information concerning the par- 
ticular operative procedure may not be 
obtainable. If the various described compo- 
nents of gastric surgery are familiar to the 
radiologist, reconstruction of the performed 
operation Is possible in most cases. 


(Please turn page for Figures 24 and 25) 
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TABLE II 


A SYSTEMATIC ARRANGEMENT OF GASTRIC OPERATIONS 
ACCORDING TO THEIR MORPHOLOGIC ALTERATIONS 


I. No gastric resection—no anastomosis 

Gastrotomy—for exploration 

Gastrostomy—for feeding or decompression (Fig. 
16) 

Gastropexy or gastrorrhaphy—for ptosis, volvu- 
lus, and herniation 

Simple excision—for ulcer 

Simple closure—for perforation 

Gastroplasty—for stenosis 

Pylorotomy—for stenosis (Ramstedt-Frédet, 
1912) 

Pyloroplasty—for drainage (Heineke, 1886; Mi- 
kulicz, 1888) (Fig. 17 4) 

Vagotomy—for ulcer therapy, complete or selec- 
tive 


2. Enteroanastomosts—no gastric resection 
Gastro-duodenostomy—for pyloric obstruction 
and drainage (Finney, 1902) (Fig. 17 B) 
Gastro-enterostomy—for ulcer or obstruction; 
may be anterior, posterior, antecolic, retrocolic, 
right-to-left anastomosis, or left-to-right ana- 
stomosis (Fig. 3, top) (Wólfler, 1881) 


3. Partial gastric resection—no enteroanastomosis 
Wedge resection—for ulcer, biopsy, or benign 
lesion (Fig. 18) 
Segmental resection—íor ulcer. or tumor (Fig. 


19, 4 and B), (Mikulicz, 1897) 


4. Partial gastric resection and enteroanastomosis 

Gastrectomy with gastro-duodenostomy (Fig. 1) 
—may be end-to-end, end-to-side, side-to-end, 
or side-to-side with superior, inferior, posterior, 
or anterior anastomosis 

Gastrectomy with gastro-jejunostomy (Fig. 2)— 
may be end-to-side, side-to-side, or end-to-end, 
with full or restricted stoma, retrocolic or ante- 
colic, right-to-left or left-to-right anastomosis 


5. Total gastrectomy 

Esophago-jejunostomy—may be end-to-end (Fig. 
20, A and B), or end-to-side (Fig. 21, 4 and B; 
and 22, 4 and B) (Schlatter, 1897) 

Esophago-duodenostomy—may be end-to-end 
(Fig. 23, 4 and B) (Brigham, 1898) 

Interposition operation—utilizing small or large 
bowel (Fig. 24, 4 and B) or ileocolic segment 
(Fig. 25, 4 and B). Also may be performed with 
partial gastrectomy 


Note: Illustrative examples typifying some of the above men- 
tioned procedures are shown in Figures 16 through 25 inclusive. 
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SUMMARY 


The radiologist must be familiar with all 
types of gastric operations (Table 1). 

An analysis of surgical procedures of the 
stomach according to the described 11 basic 
components is the most helpful for the 
roentgenologic diagnosis of postoperative 
anatomy and postgastrectomy complica- 
tions. 

In roentgenology of the postoperative 
alimentary tract, descriptive terminology 
serves the best purpose. Eponyms transmit 
little useful information. 


Department of Radiology 
Children’s Hospital 

3700 California Street 
San Francisco, California 
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IHE AGED AND 


CALCIFIED ATHEROSCLEROSIS* 


By ARTHUR ELKELES, M.D., FER., RCSL, D.M.R.E. 


LONDON, ENGLAND 


T IS widely accepted that hyperacidity 

of the gastric Juice plays an important 
part in the development of duodenal ulcer, 
but its role in the pathogenesis of gastric 
ulcer is still uncertain. While it is assumed 
that the hyperacidity associated with duo- 
denal ulcer is of nervous origin, it has been 
suggested that an augmented hormonal 
phase of gastric secretion is responsible for 
the development of the lesser curve gastric 
ulcer. Dragstedt, supported by much 
clinical and physiologic evidence, has 
shown that stasis in the antrum of the 
stomach leads to increased gastrin produc- 
tion with subsequent parietal cell stimula- 
tion. He arrived at the conclusion that 
delayed emptying of the stomach, either of 
organic or functional origin, is responsible 
for the development of the lesser curve 
gastric ulcer. This concept offers a plausible 
explanation for those gastric ulcers which 
occur in connection with pyloric channel 
disease. However, in the classic solitary 
lesser curve ulcer, neither pyloric channel 
disease nor any appreciable delay in emp- 
tying of the stomach are usually found. 
Important features of these ulcers are nor- 
mal or hyposecretion of hydrochloric acid, a 
small parietal cell mass, and a large alkali 
secreting zone. These ulcers tend to develop 
in advancing years. They are often large, 
and giant ulcers are not uncommon. 

When neither pyloric channel disease nor 
hyperacidity of the gastric Juice seem to 
play a part in the development of these 
ulcers, could they be due to an increased 
vulnerability of the gastric mucosa caused 
by an impaired blood supply? The most 
frequent cause of circulatory disturbances 
ไท advancing years 1s arteriosclerosis. 

In previous investigations, Elkeles® 7° 
found that patients with chronic gastric 


ulcer, aged over $0 years, show a signifi- 
cantly higher incidence of calcified athero- 
sclerosis of the abdominal aorta than pa- 
tients with duodenal ulcer and control cases 
of the same age groups. In conformity with 
these findings is a recent report by Holstein 
and Stecken." They found that of 21 
patients between the ages of 60 and 80 
vears in whom calcification of the abdomi- 
nal aorta and of the left gastric arterv could 
be seen on roentgenograms, 18 showed 
gastric ulceration. 

In contrast to the high incidence of calci- 
hed atherosclerosis in patients with gastric 
ulcer, a very low incidence was found in 
patients with carcinoma of the stomach. 
This observation has been confirmed by 
Doll? Jones and Gummer,'® Dungal and 
Benediktsson, and Fotopoulos ef a/." 

Roentgenography of the abdominal aorta 
can be used as a routine method for the 
detection of calcified atheromatous lesions. 
It is generally recognized that the earliest 
and the most advanced manifestations of 
general arteriosclerosis are found in the 
abdominal aorta. Moreover, the abdominal 
aorta and the celiac axis are the central 
arteries for the blood supplv of the stom- 
ach. Although the — roentgenographic 
method is limited to the detection of calci- 
hed atheroma, most of the advanced lesions 
contain sufficient calcium to be recognized 
on roentgenograms. 

In this paper further evidence is pre- 
sented for the concept that a close relation- 
ship exists between gastric ulcer in the aged 
and calcified atherosclerosis of the abdomi- 
nal aorta and the celiac axis. 


MATERIAL 
This was a study of 2,185 patients, aged 
over SO years, in whom the abdominal aorta 


* From the Departments of Radiodiagnosis, The Prince of Wales's General Hospital, London, Narg, and The Metropolitan Hospital, 
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TABLE I 


CALCIFICATION OF THE ABDOMINAL AORTA IN PATIENTS WITH CHRONIC GASTRIC ULCER AND IN CONTROL CASES 


Gastric Ulcer Group 


Control Group 


Age Group Difference 
(yr.) No. of Per Cent with No. of Per Cent with (gastric 
Cases Calcification Cases Calcification control) 
Males 
50-60 100 65.0 295 25.4 41.6: t 9.9 
61—70 68 79.4 370 41.9 37.5 € 6.6 
JE 23 91.3 204 55.9 35.4 £ 10.8 
Females 
5 ๐ -6 ๐ 25 40.0 252 13.9 26.1: 5:797 
61-70 42 78.6 304 48.0 30.6: 8.2 
71+ 36 100.0 279 73.1 26.02 7.5 


was roentgenographed. It comprises 293 
patients with chronic benign gastric ulcer, 
of whom 191 are males and 102 females; 
1,704 control cases, of whom 869 are males 
and 835 females; and 188 patients with 
cancer of the stomach. In the gastric series 
the abdominal aorta was roentgenographed 
prior to the barium meal examination re- 
gardless of the clinical diagnosis. The con- 
trol series consists of unselected patients 
from in- and out-patient departments of 
general hospitals. The majority came from 
the orthopedic, physiotherapy or casualty 
departments. 

A classification of the calcified atheroma- 
tous lesions has been attempted by desig- 
nating a linear plaque approximately 3-5 
cm. in length as +, 10-12 cm. or parallel 
linear shadows as + +, and more extensive 
lesions involving almost the entire abdomi- 


nal aorta as +++. 


RESULTS 


THE INCIDENCE AND SEVERITY OF CALCIFIED 
ATHEROSCLEROSIS (TABLE I THROUGH IV) 

The incidence and the severity of calci- 
fied lesions in the abdominal aorta are 
significantly higher in patients with gastric 
ulcer than in controls. This difference is 
highly significant in the so to 60 year age 
group, where 65 per cent of patients with 
gastric ulcer show calcified atheroma 


against 23.4 per cent in control patients. A 
striking difference in the incidence and 
severity of calcified atherosclerosis of the 
abdominal aorta is found between patients 
with gastric ulcer and those with carcinoma 
of the stomach. The application of this 
observation for the roentgenologic differen- 
tial diagnosis between benign and malig- 
nant lesions of the stomach and its wider 
significance for the cancer problem have 
been referred to in previous publica- 
tions, 5.9.1 


AGE AND SEX DISTRIBUTION 


The present investigation reveals that 
the age distribution of the male patients 
with gastric ulcer is significantly different 
from the female age distribution: X? 
= 30.332n' 2 2p «o.ooooot. The peak inci- 
dence of gastric ulcer in males occurs be- 
tween the ages of £o to 60 years and that in 
females approximately 1 ๐ years later. Al- 
though the incidence of gastric ulcer is 
greater in males than in females up to the 
age of 70, the rate of increase in the inci- 
dence of gastric ulcer is much higher in 
females than in males after the age of 60. 

It is of interest to point out that the age 
and sex distribution of gastric ulcer, found 
in this investigation, is similar to that of 
coronary heart disease. Oliver? reported 
that the peak incidence of ischemic heart 
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Tage H 


PERCENTAGE WITH SEVERE CALCIFICATION (ๆ ๆ” AND +++) OF THE ABDOMINAL AORTA IN GASTRIC 
ULCER AND CONTROLS 


p £3 | Gastric R 
| Controls 


|, — Ulcer 
5 ๐ -0 ๐ 48.0 Diss 34.84 
61—70 60.3 21.9 8.44 
FEF H9 ร ก 2 35.7 t1 


disease in women between 60 to 65 vears is 
5 or IO years after the peak incidence in 
men. Although:there e are more male deaths 
from coronarv heart disease at all ages, the 
rate of increase in coronary heart disease in 
women is 3 times that in men between 40 to 
69 years. Peel,” who investigated the age 
and sex actors in 694 males and 171 fe- 
males with coronarv heart disease, found 
the peak incidence in males in the age 
group of §§ to $9 years; thereafter, the 
incidence falls almost as steeply as it rose. 
In females, however, the rise is steady 
almost in a straight line from age 40 to 7 ๐ 
years. 

À similar age and sex distribution has 
been reported in the incidence of athero- 
sclerosis and its cerebral complications in 
the South African. Bantu. Laurie and 
Woods found that after the age of 5 
vears, women are more prone to TE 
vascular disease with and without hyper- 
tension than males. 

Assuming that coronary arterv 
cerebral vascular disease and 


disease, 
gastric ulcer 


Males 


Difference | UI 


Females 
| Gastric 


Controls Difference 


in the aged are complications of athero- 
sclerosis, we would expect that their age 
and sex discubwtion corresponds to that of 
atherosclerosis. An analysis of the control 
series in Tables 1 and 11 shows that up to the 
age of 60 vears, the incidence and the sever- 
itv of calcified atherosclerosis of the ab- 
dominal aorta are higher in males than in 
females. Thereafter, this sex ratio is re- 
versed, and the incidens and the severity 
of calcified atherosclerosis rise much more 
steeply in women than in men. Thus, the 
age and sex distribution of coronary eae 
disease, of cerebral vascular disease and of 
gastric tile tends to follow the age and sex 
distribution of calcified atherosclerosis. 


CALCIFIED PLAQUES IN THE UPPER ABDOMINAL 
AORTA AND IN THE CELIAC AXIS 
When the distribution of the calcified 
lesions in the abdominal aorta was studied 
more closelv, it was found that in the ma- 
jority of patients with gastric ulcer, inde- 
pendent of the extent and the degree of the 


atheromatous lesions, calcified plaques 
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could be recognized in the upper abdominal 
aorta and in the region of the celiac axis. 
Figures 1 through 6 demonstrate the calci- 
fied lesions found in this series of patients 
with gastric ulcer. 
DISCUSSION 

The results of this investigation indicate 
that patients with gastric ulcer do not only 
show evidence of general arteriosclerosis 
but also of calcified atheroma in the central 
arteries supplving the stomach. Long ago 
mi bg i er 0 were me 
tric S wW ds gener E arter 0 T hey 
based the concept of the arteriosclerotic 
pathogenesis of these ulcers largely on this 
finding. From extensive clinical investiga- 
tions, Spang? also arrived at the conclusion 
that gastric ulcer in the aged 1s the result of 
circulatory disturbances caused by general 
arteriosclerosis. 

In spite of these contributions, the arteri- 
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second small ulcer 
pressure. Note the densely calcified linear plaque 
in the abdominal aorta opposite the ulcers, Calcifi- 
cation--. 
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Penetrating lesser curve gastric ulcer. Calci- 


FIG. 2. 
fied granular and ring shi adows are visible in the 


region of the celiac axis. There are only minute 
calcified plaques in the lower abdominal aorta. 
Calcification+. 


osclerotic pathogenesis of gastric ulcer has 
not been widely accepted. The main argu- 
ment 1 0 INS — un hice the 
was ล [e ere “ile en x e gastric 
and duodenal blood vessels of the resected 
specimens often failed to show evidence of 


local arteriosclerosis. Moreover, in the 
Tase IV 
PERCENTAGE WITH SEVERE CALCIFICATION ( 4 de AND 


= bh FF ) OF THE ABDOMINAL AORTA IN GASTRIC ULCER 


AND IN CARCINOMA OF THE STOMACH 
(MALES AND FEMALES) 
As | 
Age | G | G 
scastric ri “ 
2 acce is e. Difference 
| Licer Carcinoma 
(vf. | 
ODO 44.0 1.0 44.15 74 
61-7O | 60.0 724 BIOS 
ic 86.4 — | wae =32,.9+9.3 





Fic. 3. Lesser curve gastric ulcer. The linear and 


granular calcifications are most marked in the 
upper abdominal aorta. Calcification++, 


surgical treatment of gastric and duodenal 
ulcers, local excision of the lesions was tried 
but was found to be ineffective. New ulcers 
appeared in other areas. 

However, recent work has changed our 
conception of chronic occlusive arterial 
disease. It has been demonstrated that a 
cerebral infarct is rarely due to thrombosis 
in the artery supplying the ischemic area. 
Our attention is focused on the atheroma- 
tous plaques found in the extracerebral, 
rather than in the intracerebral, arteries 
and on the cerebral circulation as a whole, 
rather than on the arteries immediately 
supplying the affected area.’ 

Similar observations have been made in 
hypertension, when caused by renal artery 
stenosis. While the atheromatous plaques 
are usually found at the origin of the renal 
artery, vascular changes distal to the renal 
artery stenosis have rarely been found! 

Larson e al. pointed out that, “in most 
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reported cases of obstruction of the su- 
permor mesenteric artery by atheromatous 
plaques, the lesions are found at the origin 
of that vessel. Even more distressing, ob- 
struction is caused fairly often by extensive 
degenerative changes within the abdominal 
aorta.” 

It:s evident from these observations that 
the absence of arteriosclerotic lesions in the 
smaller vessels distal to the atheromatous 
plaques in the central arteries is a common 
feature of chronic occlusive arterial disease. 

in accordance with the above findings, it 
is suggested that the calcified atheromatous 
plaques in the upper abdominal aorta and 
in the celiac axis may be the cause of insuff- 


ret 


supply. This would explain why the small 
arteries immediately supplying the area of 
an ulcer are often unaffected by arterio- 
sclerosis and why local excision of an ulcer 
does not prevent the development of new 


ones. 
From the evidence produced in this 





Pis. 4. Large lesser curve gastric ulcer. Note the 
inear and granular calcifications in the upper 
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paper, the concept is advanced that general 
arteriosclerosis and, in particular, its mani- 
festation in the upper abdominal aorta and 
in the celiac axis plav an important part เท 
the development of gastric ulcer in the 
aged. 


SUMMARY 


1. The incidence and the severity of 
calcified atherosclerosis have been studied 
by roentgenography of the abdominal aorta 
in 2,185 patients, aged over 50 vears, (293 
patients with chronic benign gastric ulcer, 
188 patients with cancer of the stomach 
and 1,704 control patients). It was found 
that patients with gastric ulcer have a 
significantly greater incidence and severity 
of calcified atherosclerosis than control 





Fic. 5. Benign giant gastric ulcer. Extensive calcifi- 
cation of the abdominal aorta and multiple vascu- 
lar calcifications along the upper lesser curve of the 
stomach. Calcification+-+ +. 
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Fic. 6. Lesser curve gastric ulcer. Dense calcification 
of the abdominal aorta and of the celiac axis. Note 
the vascular calcifications near the ulcer. Calcifica- 


เก ร FE 


cases and, in particular, than patients with 
carcinoma of the stomach. 

2. The age and sex distribution of gastric 
uleer, like coronary artery disease and 
cerebral vascular disease, tends to follow 
the age and sex distribution of calcified 
atherosclerosis of the abdominal aorta. 

3. Independent of the extent and the 
severity of the calcified lesions in the ab- 
dominal aorta, calcified plaques in the 
upper abdominal aorta and in the celiac 
axis can be recognized on roentgenograms 
in the majority of patients with gastric 
ulcer. 

4. Itissuggested that recent work on the 
pathologic basis of chronic occlusive arte- 
rial disease invalidates the arguments 
against the arteriosclerotic pathogenesis of 
gastric ulcer in the aged. 

z. The concept is advanced that calcified 
plaques in the central blood supply of the 
stomach may lead to arterial insufhciency 
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or obstruction and play an important part 
in the pathogenesis of gastric ulcer in the 
aged. 


39, Devonshire Place 
London, W.1, England 


Grateful acknowledgment is made to Dr. 
W. J. Martin, Statistical Research Unit, 
Medical Research Council, for his help in carry- 
ing out the statistical analysis of this investiga- 
tion. 
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PSEUDOTUMORAL GASTRIC VARICES 


By RICHARD BELGRAD, M.D., Fellow in Radiology, Mayo Foundation; HARLEY C. CARLSON, 
M.D., Section of Roentgenology; W. SPENCER PAYNE, M.D., Section of Surgery; 
and JAMES C. CAIN, M.D., Section of Medicine 
MAYO CLINIC AND MAYO FOUNDATION 
ROCHESTER, MINNESOTA 


T roentgenographic recognition of 
gastric varices often is difficult, even 
when there is a history of liver disease or 
demonstrable esophageal varices. However, 
due to a rare combination of circumstances, 
gastric varices may occur in the absence of 
other diagnostic clinical findings, and thus 
provide an even greater problem in identifi- 
cation. From the point of view of surgical 
management, it is imperative that the true 
nature of the lesion be known preopera- 
tively. A recent experience, in which the 
varices occurred as a gastric “tumor,” 
prompted a review of our cases as well as of 
the pertinent literature in order to clarify 
the situation and, possibly, to provide 
additional diagnostic clues. 

The German radiology literature con- 
tained some of the earlier descriptions of 
gastric varices.’ Templeton! discussed the 
roentgenographic appearance of these le- 
sions and stressed the difficulty in differen- 
tiating them from carcinoma in the absence 
of esophageal varices. Samuel® reviewed the 
venous drainage of the stomach and recog- 
nized that any obstruction of the portal or 
splenic vein might produce roentgeno- 
graphically demonstrable gastric varices. 
He concluded that dilatation of the fundal 
veins might antedate esophageal varices, 
since the blood passed through them to the 
esophageal venous plexus, and could be the 
earliest evidence of variceal disease. 

Evans and Delany? were able to find 
gastric varices in 65 per cent of 40 cases in 
which esophageal varices had been noted. 
However, they were apparently unable to 
make a diagnosis of gastric varices in the 
absence of other findings suggestive of 
portal hypertension. Smookler? noted the 
association of gastric varices with hema- 
temesis and splenomegaly. He reported a 


case of a patient with alcoholic cirrhosis in 
which the roentgenographic appearance of 
the gastric varices was that of a polypoid 
mass suggestive of neoplasm. Surgical ex- 
ploration proved the mass to be gastric 
varices which bled profusely. Wohl and 
Shore! described a similar episode 1n which 
the mass of gastric varices was accidentally 
penetrated during the course of operation 
and the patient did not survive. When they 
reviewed other cases, they found gastric 
varices to be present with surprising fre- 
quency in their cirrhotic patients. Also, 
they noted the occurrence of gastric varices 
in the absence of demonstrable esophageal 
varices and the frequent association of 
gastric varices with an enlarged spleen. 
The venous drainage of the stomach 1s 
illustrated in Figure 1. A detailed discussion 
of portal hypertension is not within the 
scope of this report, but it might be noted, 
however, that Laennec's cirrhosis and 
obstruction of portal or splenic veins by 
thrombosis or tumor are common condi- 
tions causing increased portal pressure and, 
thereby, gastric and esophageal varices. 
Conversely, gastric varices have been re- 
ported in the absence of portal hyperten- 
sion, and, rarely, on a congenital basis also.’ 
We reviewed all cases in the Mayo Clinic 
files from 1951 to 1962 in which the diag- 
nosis of gastroesophageal varices had been 
confirmed surgically. This included 236 
patients who had undergone some shunting 
procedure for portal hypertension and on 
whom splenoportography had been per- 
formed. Those cases in which the roent- 
genologist had had no prior information 
concerning the probability of varices were 
selected for further study. It was not sur- 
prising to find that the roentgenographic 
diagnosis of gastric varices had not been 
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lic. t. Schematic drawing of the venous d rainage of 
tne stomach. (Modified, with permission from 
Radiology.) 


made without a suggestive history avail- 
able, or coexisting esophageal varices pres- 
ent, at the time of examination. However, 
we found 2 cases of isolated gastric varices 
with roentgenographic changes consistent 
with the presence of such an abnormality. 
These, plus a recent case, constitute this 
report. 


REPORT OF CASES 


Case 1. This 44 year old farmer first was seen 
here in March, 1962 after an acute episode of 
hematemesis. He had had melena for 2 months 
prior to admission. 

Physical examination was nonrevealing. 
Neither the liver nor the spleen was palpable. 
The results of pertinent laboratory tests were: 
hemoglobin, 7.7 gm. per 100 ml. of blood; eryth- 
rocyte sedimentation rate, 6 mm. in 1 hour 
(Westergren); sulfobromophthalein retention, 
5 per cent; direct serum bilirubin, negative; and 
indirect bilirubin, 1.2 mg. per 100 ml. of serum. 
Roentgenographic examination revealed a mass 
near the esophagogastric junction which sug- 
gested neoplasm, but re-examination the next 
day gave results reported as negative. Esopha- 
goscopy showed an indeterminate lesion of a 
polypoid nature near the cardia. There ap- 
peared to be prominent folds in the esophagus; 





however, these were not characteristic of 
varices. 


Because the patient still was hemorrhaging 
actively and requiring multiple transfusions, 


APRIL, 1964 


exploratory laparotomy was carried out. The 
spleen was four times larger than normal. The 
liver appeared to be grossly normal. Gastrot- 
omy revealed diffuse gastritis with multiple 
areas of ulceration, mostly in the upper half of 
the stomach. The surgeon reported no evidence 
of portal hypertension and no evidence of a 
mass. Gastric biopsy confirmed the gross im- 
pression of inflammatory gastric mucosa. Be- 
cause of the apparent nature of the gastric 
lesion, a trial of medical management seemed 
advisable, and no definitive surgical treatment 
was carried out. 

The patient returned home but subsequently 
mild discomfort in the right upper quadrant of 
the abdomen developed along with icterus con- 
sistent with homologous serum hepatitis. This 
was followed by several more episodes of hema- 
temesis and melena. He was re-admitted in 
August of 1962 with anemia, leukopenia, and 
thrombocytopenia. Roentgenograms made at 
that time were reported negative. The patient’s 
problem now was thought to be of a chemotoxic 
nature or, possibly, idiopathic hypersplenism. 
Transfusions of blood were given again and he 
was advised to avoid sprays and chemicals. Less 
than 2 weeks later he returned with recurrent 


was again palpable. After several transfusions, 
a third roentgenographic barium meal stud y re- 
vealed an unequivocal polypoid filling defect in 
the cardia (Fig. 2, 4 and 2). 

Because of continued bleeding, emergency 
exploration was carried out. Obvious ci rrhosis, 
probably posthepatitic, was now seen in the 
liver and this was confirmed by biopsy. The 
spleen was four to five times normal size. Portal 
pressures from the superior mesenteric vein 
ranged from g to 10 cm. of saline (within normal 
limits). 

A soft “tumor,” covered with mucosa, was 
seen on opening the upper third of the stomach. 
This was found to consist of a large mass of 
venous varicosities near the esophagogastric 
junction associated with several distended short 
gastric veins. Since portal hypertension was ab- 
sent, partial gastrectomy, splenectomy, and 
pyloroplasty were performed. The postopera- 
tive course was relatively uneventful, and the 
patient was dismissed on the twelfth postopera- 


tive day. When last seen, « months later, he 


had experienced no further bleeding. 


Case rr. This 52 year old man had noted 
several recurrent episodes of hematemesis and 
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melena starting 3 vears prior to admission. He 
had a past historv of hypertension and coronary 
infarction with congestive failure. 

Physical examination revealed the liver to be 
palpable three fingerbreadths below the costal 
margin. The spleen was questionably palpable. 
The pertinent laboratory data were: hemoglo- 
bin, 14.6 gm. per 1co ml. of blood; erythrocyte 
sedimentation rate, 37 mm. in 1 hour; sulfobro- 
mophthalein retention, to per cent; direct serum 
bilirubin, negative; indirect serum bilirubin, 
o.8 mg. per too ml.; thymol turbidity, 4+; zinc 
sulphate, 19; cephalin flocculation, 2+; albu- 
min-globulin ratio, 4.3/3.3; and total protein, 
7.4 gm. per 100 ml. of serum. These findings 
were suggestive, but not diagnostic, of hepatic 
cirrhosis. Examination of the stomach revealed 
a small, but smooth and well defined, polypoid 
filling defect in the cardiac end of the stomach, 
thought to represent prolapse of the esophageal 
mucosa (Fig. 3, « and 4). Esophagoscopy 
showed no evidence of varices. At gastroscopv, 
a mass the size of a walnut was seen arising 
from the cardia and apparently was covered 
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Fic. 2. Case 1. Patient was a 44 year old man with 
hematemesis and splenomegaly. (2) Barium meal 
showed “mass” near the esophagogastric Junction, 
later proved to be gastric varices. (5) Spot roent- 
genogram of the cardia, with the patient lying on 
his right side, shows smooth-walled polypoid na- 
ture of the varices, easily mistaken for a neoplasm. 


Pseudotumoral Gastric Varices 





lic. 3. Case m. Patient was a £2 year old man with 
hematemesis and hepatosplenomegaly. (2) Roent- 
genogram reveals a filling defect in the region of 
the esophagogastric junction. (4) Spot roentgeno- 
gram shows irregular deformity, suggestive of 


malignant lesion, but found to be gastric varices at 
operation. 


with normal mucosa. It was thought to be an 
intramural lesion, possibly a leiomyoma. 
Surgical exploration revealed hepatic cir- 
rhosis, which was confirmed by biopsy. The 
portal pressure was 25.0 cm. of saline (more 
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Fic. 4. Case nr. Patient was a 49 vear old man with 
carcinoma of the pancreas that occluded the splenic 
vein. (4) Roentgenogram of stomach shows definitely 


exaggerated mucosal folds confined to the cardia. (6) Preoperative splenoportogram reveals complete 
obstruction of the splenic vein. Large, dilated, short, gastric veins form collateral channels and join with 
a nest of tortuous subserosal gastric varices in the cardia. 


than normal and in the range of portal hyper- 
tension ordinarily associated with gastroin- 
testinal hemorrhage). Exploration of the stom. 
ach was negative for any masses or other lesions. 
lhere were, however, several huge venous 
communications between the spleen and the 
stomach. In the absence of suitable veins for 
shunting purposes, splenectom Y was carried 
out. The patient did well postoperative y, but 
died 1 vear later of a heart attack, without re. 
currence of bleeding. 


Case Ht. A 49 year old man was admitted be- 
cause of pain in the left upper quadrant of the 
abdomen and weight loss during the preceding 
5 months. There had been one episode of hema. 
temesis in the past. 


hemoglobin, 12.8 gm. per too ml. of blood; 
34 mm. In 1 
hour; sulfobromophthalein re tention, c per cent 
in 30 minutes; direct serum bilirubin, negative; 
indirect serum bilirubin, 0.46 mg. per 100 ml.; 
total serum protein, 6.25 gm.; and albumin. 
globulin ratio, 4.60/1.6¢, Esophagoscopie ex- 
amination and roentgenographic examination 


of the stomach were reported as negative, but, 
ir. retrospect, the latter showed an exaggerated, 
thick, tortuous mucosal pattern in the region 
of the cardia (Mig. 44). Because of the suspicion 
o- liver disease in this case, preliminary spleno- 
portography was performed in the operating 
room and it showed complete obstruction of the 
splenic vein (Fig. 47). At surgical exploration, 
an islet cell carcinoma of the tail of the pan- 
creas was found which had obstructed the 
splenic vein and caused great engorgement 
of the short gastric veins. The gastroepiploic 
venous system was similarly dilated and tor- 
tuous and large subsercsal gastric varices were 
present. The tumor was not resectable. How. 
ever, the spleen was removed in an attempt to 
decrease the risk of further hemorrhage from 
the gastric varices. The patient recovered from 
the operation, but experienced a gradual de. 
terioration and died vear later from the 
malignant neoplasm, 


COMMENT 


We have attempted to draw certain 
conclusions from our limited experience 
with this unusual roentgen ographic finding. 
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As 1s well appreciated among roentgen- 
ologists, the examination of the upper por- 
tion of the stomach and the region of the 
esophagogastric junction is seriously lim- 
ited. In addition, the accuracy of detecting 
coexisting esophageal varices, 1f thev are 
present, varies from = to 68 per cent. ? 
Among a group of 236 patients treated 
surgically at the Mave Clinic for bleeding 
gastroesophageal varices, roentgenographic 


evidence was apparent in 69 per cent of 
patients with cirrhosis and $1 per cent of 


those with extrahepatic portal obstruc- 
tion)! 

To be sure, the accuracy of roentgeno- 
graphic examination generally 1s enhanced 
when there is clinical suspicion of varices. 
On the other hand, while clinical evaluation 
usuallv is helpful, at times it may be mis- 
leading. Also, as with esoph ageal varices, 
gastric varices may be present but not 
demonstrable roentgenographically. 

By the same token, the roentgenologist 
should understand the limitations of clini- 
cal diagnostic procedures commonly em- 
ployed, as well as the difficulty often en- 
countered in elucidating the cause of acute 
bleeding in the upper part of the gastro- 
intestinal tract. In any event, it becomes 
apparent that in the small group of patients 
in which there is failure to suspect varices 
clinically, the astute roentgenologist may 
be of real assistance 1f he keeps certain 
salient features of the problem in mind. In 


each of our cases, there was a history of 


hematemesis usually associated. with me- 
lena. In spite of this, a history of alcohol- 
ism, pre-existing hepatitis, or other symp- 
toms suggesting involvement of the portal 
system could not be elicited. Since physical 
examination revealed an enlar ged spleen เท 
our 3 cases, we think that this is a highly 
suggestive finding. Laboratory studies, 
including tests of liver function, were in- 
conclusive in all. Likewise, endoscopy was 
not of diagnostic value in this particular 
group. 

Roentgenologic examination in these 3 
cases showed a well-defined filling defect 
near the esophagogastric junction in 2, and 
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abnormally thick, tortuous mucosal folds in 
the region of the cardia in the third. Obvi- 
ously, these findings bring to mind more 
common entities such as polypoid gastric 
carcinoma, leiomyoma, เก า ฑ เ Or 
Menetrier's disease;! but, the presence of 
such a filling defect or ส น ตั foldsin a 
patient with a history of hematemesis and 
with splenomegaly should alert the exam- 
iner to the possibility of gastric varices. In 
such a situation, the fluoroscopist himself 
might palpate for an enlarged spleen when 
this information is not readily available. 

Should gastric varices be considered 
likelv cause of bleeding, splenoportography 
logically is the next step, and might enable 
à precise diagnosis to be made prior to 
operation. If surgical intervention then is 
deemed advisable, it can be planned ap- 
propriately. boni the surgeon's point of 
view, the operative exposure and positions 
required for the control of bleeding from 
gastroesophageal varices are quite specific 
and must be selected on the basis of pre- 
operative information. The usual incisions 
emploved for abdominal exploration, al- 
though adequate to establish the diagnosis 
of undetermined gastrointestinal bleeding 
in most instances, must be modified or 
closed to accomplish the surgical treatment 
of varices. Likewise, many so-called blind 
resections for hemorrhage in the upper part 
of the gastrointestinal tract could be 
avoided by more precise preoperative diag- 
nosis. 

Percutaneous splenoportography, sup- 
plemented with measurements of portal 
pressure, performed in the operating room 
prior to laparotomy is important in verify- 
ing the presence of varices and defining the 
exact nature of the portal obstruction as 
either intra- or extrahepatic.? In addition, 
it is an aid in planning a splenorenal or 
portocaval shunt, or an appropriate resec- 
tive procedure.’ Finally, having roentgeno- 
graphic facilities in the operating room and 
à cassette beneath patients subjected to 
surgical exploration for gastrointestinal 
bleeding mav prove advantageous in this 
situation, as well as in the occasional case 
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with unexpected operative findings, by 
lending greater diagnostic flexibility in a 
difficult situation. 


SUMMARY 


An apparent polypoid filing defect or 
exaggerated mucosal folds in the proximal 
portion of the stomach, accompanied by 
hematemesis and splenomegaly, should 
suggest the presence of gastric varices. 
Although infrequent, the lesion must be 
differentiated from polypoid carcinoma and 
other less common benign conditions oc- 
curring in this location. Splenoportography 
is a valuable diagnostic adjunct and enables 
the surgeon to plan a more appropriate 
operative approach. 


The Mayo Clinic 
Rochester, Minnesota 
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PHARYNGEAL AND ESOPHAGEAL PERFORATIONS 
DURING INSTRUMENTATION* 


By TED F. LEIGH, M.D., and JAMES L. ACHORD, M.D. 
ATLANTA, GEORGIA 


Wits more widespread use of instru- 
ments designed to pass through the 
esophageal lumen for purposes of visualiza- 
tion, biopsy or dilatation, iatrogenic perfo- 
ration of the esophagus and contiguous 
structures is being seen more and more 
often. It is estimated that close to 80 per 
cent of all esophageal perforations are due 
to instrumentation.’ It is the purpose of 
this presentation to review the clinical 
findings, the roentgenographic appearance 
and the prognosis of esophageal perfora- 
tions using selected cases from our files as 
illustrative examples. 


CLINICAL CONSIDERATIONS 


The frequency with which the esophagus 
and the hypopharynx are perforated during 
instrumentation depends upon several fac- 
tors: (1) The experience of the operator is of 
inestimable importance. The more experi- 
ence he has, the less often perforations 
occur, both because of refinements in his 
technique and in his selection of patients. 
(2) The presence of pre-existing mucosal 
disease increases the risk of perforation, for 
this is the strongest barrier in the esopha- 
gus. Consequently, attempts at dilatation 
of the diseased esophagus in which one 
purposefully ruptures the mucosa carries a 
greater risk of perforation than does esoph- 
agoscopy per se. (3) Large cervical osteo- 
phytes predispose to perforations as does 
(4) any anomaly which further encroaches 
upon the areas of natural narrowing of the 
esophagus, t.e., at the cricopharyngeus, at 
the arch of the aorta and at the entrance of 
the esophagus through the diaphragm. (5) 
Of considerable importance in procedures 
done under local anesthesia is the extremely 
tense and uncooperative patient. The wise 


operator will either do the procedure under 
general anesthesia or cancel it altogether 
under this circumstance. While no proce- 
dure on a patient is to be taken lightly as 
illustrated in the cases below, esophagos- 
copy and gastroscopy are relatively safe 
procedures in experienced hands when 
compared with the information gained. 
Palmer and Wirts* reviewed 40,540 proce- 
dures by questionnaire and found that the 
mortality from esophagoscopy was only 
0.059 per cent while the accident rate was 
O.25 per cent. Gastroscopy carried a mor- 
tality of only ๐ .014 per cent with an acci- 
dent rate of 0.079 per cent in 267,175 proce- 
dures. Anesthetic reactions constituted 18 
per cent of the gastroscopic accidents and 6 
per cent of the esophagoscopic accidents. 
The morbidity of esophagoscopy and gas- 
troscopy due largely to perforations is 
generally accepted as less than 2 per 1,000 
procedures done. Paradoxically, the rela- 
tive safety of esophageal instrumentation 
leads to more procedures being done on 
more patients with an increase in the actual 
number of perforations but with little or no 
change in mortality rates. 

Mortality depends upon the site of perfo- 
ration, whether or not the pleural spaces 
are involved, the rapidity with which the 
perforation is recognized and repaired and, 
of course, the condition of the patient at the 
time of reparative surgery. Perforations of 
the cervical esophagus and hypopharynx 
usually occur at or just above the crico- 
pharyngeus muscle, called the “Gate of 
Tears."? Such a perforation may result 
from penetration of one of the lateral pyri- 
form sinuses but more commonly occurs in 
the posterior wall in the weak area pro- 
duced by the "sling" formation of the crico- 


* From the Departments of Radiology and Medicine, Emory University School of Medicine, Atlanta, Georgia, 
Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 
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pharyngeus muscle. Perforation in this area 
may also result when pressure by the in- 
strument on prominent cervical osteo- 
phytes produces a laceration allowing the 
escape of air and contaminated fluids into 
the loose connective tissue of the preverte- 
bral “space.” Such a perforation may be 
detected later than other types of perfora- 
tion but carries a better prognosis. Per- 
forations in the cervical esophagus have a 
mortality of about 15 per cent or less.’ 
Mortality of perforations occurring 
in the mid or lower esophagus varies be- 
tween 25 per cent and 35 per cent when the 


pleural spaces are involved. If the pleural 
cavity is not involved, the mortality is 


similar to that of cervical perforations. The 
greater mortality in the thorax is probably 
due to greater inaccessibility to reparative 
surgery and to the greater contamination 
of the mediastinum and pleura by reflux of 
acid gastric Juice. The prevertebral area is 
a potential space presenting no barriers to 
widespread dissemination of air, bacteria, 
fluid and contrast material. Any of these 
foreign substances can easily present them- 
selves in the neck as well as throughout the 
mediastinum. Perforations 1 ท these areas 
thus allow massive pneumomediastinum 
and pneumothorax with their associated 
complications such as cardiac arrythmias. 
The authors have had no difficulty with 
barium in the mediastinum although such 
contamination is to be avoided. A similar 
experience is recorded by Heald.! Case 
L.T. described below has been followed for 
over 1 year after massive contamination of 
the mediastinum bv barium and no resid- 
uals have been noted. 

The primary symptom of pharyngeal or 
esophageal perforation in the cervical area 
consists of a "sticking" sensation low in the 
throat which 1s aggrevated by attempts to 
swallow. This may be relatively mild when 
first noted, especially if due to maceration 
of the lumen's wall, which allows onlv slow 
but progressive contamination of the pre- 
vertebral space. When the procedure is done 
under local anesthesia subcutaneous em- 
physema may be noted before pain de- 
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velops. Air dissects easily down through the 
loose tissue of the prevertebral space of the 
cervical area into the mediastinum, and 
chest roentgenograms may reveal the 
"Minnigerode sign” or bubbles of gas in the 
periesophageal tissues. Pain may play 
such a small role initially that อ ท rare 
occasions the physician is unaware of the 
potentially fatal complication of medias- 
tinitis or abscess until fever, leukocytosis 
or progressive dysphagia is noted 24 hours 
or more after the procedure. 

The outstanding clinical manifestation of 
perforations of the intrathoracic esophagus 
is excruciating, substernal pain with radia- 
tion through to the interscapular area and, 
it the pleural spaces are involved, laterally. 
Characteristically, this pain cannot be re- 
lieved with narcotics. It is remarkable that 
perforation is seldom recognized by the 
operator at the time the wall is disrupted. 


ROENTGENOLOGIC CONSIDERATIONS 


The factual diagnosis of esophageal 
perforation rests almost solely on roent- 
genologic investigation. 

The recognition of a pharyngeal or 
esophageal perforation reontgenologically 
can be proven by certain primary evidence, 
and can be strongly suspected bv certain 
secondary evidence. 

The primary evidence of pharyngeal or 
esophageal perforation is the identification 
of contrast material in an extraluminal 
location, following its administration orally. 
This material may be adjacent to or atsome 
distance from these structures, and may 
include the cervical area, the mediastinum, 
the pericardial space, one or both pleural 
spaces, the peritoneal cavity, and the 
retroperitoneal space. 

The secondary evidence of perforation 
is the identification of abnormal air and 
fluid collections in the cervical area, the 
mediastinum, the pericardial space, one or 
both pleural spaces, the peritoneal cavity 
and the retroperitoneal space. 

Ideally, the examination should be done 
in the radiology department, rather than 
with a mobile roentgenographic unit. Ade- 
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quate examination is vitally important, and 
should include fluoroscopy (preferably with 
image intensification) at the time of oral 
administration of a water soluble contrast 
medium, followed by appropriate roent- 
genograms of the suspected areas of involve- 
ment (cervical, chest, upper abdomen). 


ILLUSTRATIVE CASES 


R.C. Female, aged 81 years. This 
ส ก female underwent an elective cholecys- 
tectomy. Following a difficult intratracheal in- 
tubation, the operation was carried out with 
ease. After the surgical procedure, subcutaneous 
emphysema of the neck was noted by palpation. 
A roentgenographic chest examination with the 
mobile unit in the recoverv room revealed the 
presence of a moderate amount of air in the 
mediastinum and cervical area (Fig. 1). She 
responded well to medical management, and 
subsequent examinations during the next few 
days showed regression of the emphysema. 


Comment. Such cases as this are thought 
to be pharyngeal [e e shageal) tears re- 
sulting from the hard surface of the 
i 0 ฝ instrument ก 


spine, Lu UT Won. pos are hoc 

osteophytes on the anterior borders of the 
bodies. (A lateral chest roentgenogram on 
this patient made prior to surgery showed 
such osteophvtes on several of the lower 
cervical vertebrae.) 


Case m. L.T. Female, aged $8 years. This 
patient gave a history of vague upper abdomi- 
nal complaints. An upper gastrointestinal series 
disclosed a mild constriction of the gastric 
antrum. Because of this, the Hirschowitz fiber- 
duodenoscope was introduced in a sitting posi- 
tion. À local anesthetic to the larynx was em- 
ployed. The usual resistance to passage of the 
instrument was felt at the level of the crico- 
pharyngeus muscle, but the instrument then 
advanced without difficulty to a level of 36 
cm. from the incisor teeth. At this time die 
patient experienced a very severe substernal 
pain which radiated through to the back. This 
pain was unrelieved by 75 mg. of demerol. She 
stated that this was similar to the distress she 
had been having, although in retrospect this was 
doubtful. 
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Frontal chest roentgenogram shows 


Case 1. 
moderate amounts of air within the mediastinum 
and cervical area. The lateral border of most of the 


Fic. i 


thoracic aorta is outlined by air. The ribbon-like 
opacity in the upper mediastinum on the right is 
thought to be the superior vena cava outlined by 
air within the right lung and the mediastinum. 


Roentgenologic examination of the esophagus 
was done immediately, Inadvertently, a barium 
sulphate preparation was used, rather than a 
water solub'e medium. A posterior wall per- 
foration was disclosed at the C6-7 level (Fig. 
2, A and B). The extravasated contrast mate- 
ral, at the end of the examination, had ex- 
tended downward into the mediastinum to the 
level of D8 (Fig. 2C). A surgical repair was be- 
gun within 2 hours of the perforation. The 
cervical area and upper mediastinum were suc- 
tioned, and the rent in the esophagus closed. 
Her postoperative course was uneventful ex- 
cept for the development of an esophagocutane- 
ous fistula, which closed spontaneously. 

One mounth later, examination of the 
esophagus disclosed further extension of the 
residual contrast medium downward in the 
mediastinum, with some of it around the 
esophagus, but the greater bulk more posteriorly 
around the aorta (Fi ig. 2, D and E). Several 
subsequent examinations have shown no essen- 
tial change in the position or amount of the 
medium. There has been no evidence of ill 
effect from this foreign substance after more 
than a vear. 


76 ๐ Ted F. Leigh and James L. Achord APRIL, 1964 





Fia. 2. Case ri. Frontal (4) and oblique (B) roentgenograms of the lower cervical area and upper mediasti- 
num, made during the fluoroscopic examination, show wwo tracts of barium, the shorter anterior tract being 
within the esophagus, the longer posterior tract being in the prevertebral space. The site of perforation in 
the lower cervical area is outlined by the contrast material in the oblique view. (C) Frontal roentgenogram 
of the mediastinum at the end of the examination reveils downward extension of the opaque material to the 
approximate level of the fiberscope's penetration. 
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Fic. 2. Case it. (D and E) Appearance of the mediastinum 1 month later, demonstrating the location of the 
barium around the esophagus and aorta, The lower half of the esophagus is shown to contain opaque ma- 


terial in these views, 


Comment. This patient is interesting 
trom several aspects. She is the sixth re- 
ported case of perforation with the flexible 
fiberscope. The perforation in this presum- 
ably healthy esophagus occurred at one of 
the fixed points where perforations so 
frequently occur. The fiberscope passed 
with such ease through the mediastinum 
that the operator was unaware of it being 
outside of the esophagus. The local anesthet- 
ic which was used in the pharnyx prob- 
ably masked the clinical findings to some 
extent for both the patient and the opera- 
or 


Case mt. O.J.H. Female, aged 69 years. This 
patient gave a 2 year history of dysphagia, 
vomiting and a 20 pound weight loss. The 
esophageal studies revealed a moderate con- 
striction in the middle third. Esophagoscopy 
revealed the lesion, and a biopsy done during 
the examination was later reported as “hyper- 
keratosis and leukoplakia.” The operator did 
not recognize a perforation at the time of the 
procedure. Postoperatively, however, the patient 


complained of marked exacerbation of her pre- 
operative pain upon swallowing. An immediate 
roentgenographic chest examination with the 
mobile unit was negative. A contrast esophageal 
examination with lipiodol the next day dis- 
closed no leakage. 

Seven days after endoscopy, because of con- 
tinued symptoms, another esophageal examina- 
tion was done. This disclosed a large hole in the 
esophagus at the site of the previously disclosed 
lesion, continuing into a walled off pocket in the 
lower posterior mediastinum (Fig. 3/7). Gastros- 
tomy was performed, and massive antibiotics 
were instituted. Her condition improved and 
subsequently she was discharged from the 
hospital, 

Ten weeks later the patient was re-admitted 
for further treatment. An esophageal roentgeno- 
logic examination again disclosed the lesion, 
but there was no fistulous communication 
identified. Endoscopy and biopsy were done, 
the latter again being reported “hyperkeratosis 
and leukoplakia.’ ' With considerable difficulty, 
the operator positioned a Souttar tube. Again 
the patient experienced an exacerbation of her 
symptoms, and a roentgenographic examina- 
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Vic. 3. Case ni. (4) Oblique roentgenogram of the chest disc 


loses perforation of the esophagus in it 
third, with a localized abscess in the posterior mediastir 


um which is filled with contrast material (| 
The lower esophagus is displaced anteriorl y by the abscess pocket. (H) Reperfor 
dunng placement of a Souttar tube 
ments evidently have been ruptured 


the level of the diaphragm. 


xodol). 


s middle 
modol) 
shagus 
ul liga- 
I 


elow 


4 
ation of the esop 
(10 weeks after the initial perforation). The phrenoesophage: 


, allowing air and the contrast material to penetrate downward 
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Pic. 4. Case iv. Roentgenograms of the esophagus in frontal G2) and lateral (B) views, reveal extravasation 
of the contrast medium from its lower end, with extension into the posterior mex diastinum and left pleural 
space. The dilated segment immediately boue the left hemidiaphragm, resembling a hiatal hernia, proved 


to be a dilated lower esophagus. ( 


(C) Chest roentgenogram made with the mobile unit ; 


| hours later dis- 


closes progressive changes in the mediastinum and left pleural space as a result of the e hageal perfora- 


tHon. 


tion of the chest with the mobile unit disclosed 
air in the mediastinum, peritoneal cavity and 
retroperitoneal space. À contrast esophageal 
study showed that the medium which passed 
from the caudad end of the Souttar tube en- 
tered the upper abdomen--not the stomach 
(Fig. 3 B). This indicated that the tube, when 
being ศศ nad, had penetrated the esophageal 
wall (presumably at the same site as the previ- 
ous ' dno was i ing partly in the old 

: the lower end of the 
tube 0 had Tes ‘penetrated into the 
upper abdomen, accounting for the free air and 
opaque medium seen below the level of the 
diaphragm. 


Comment. The esophagus in this patient 
was first perforated by biopsy, and then 
reperforated (presumably at the same site) 
by the introduction of a Souttar tube. The 
case further exemplifies involvement of the 
upper abdomen as well as the mediastinum 


when the phrenoesophageal ligaments are 
ruptured. 


Case 1v. M.P.D. Female, aged 64 years. In 
1951, because of dysphagia, an esophageal 


examination was done and reported as " mega- 
Los PADD | แม to Cheriton "In 


out d NECEM Var p» next 7 years po 
was relatively asymptomatic. In louis she had 
a return of her symptoms of dysphagia. An 
esophagram revealed a stricture of the lower 
esophagus. Following this, an esophagoscopy 
was done under genera] anesthesia. A lumen 
finder was first used, and was thought by the 
operator to have entered the stomach. The 
endoscope, however, would not pass a stricture 
in the lower esophagus, No mention of perfora- 
tion was made in the operative report. Upon 
awakening in the recovery room, the patient 
began complaining of very severe lower sub- 
sternal pain with radiation to the back. A 


» Fs 


roentgenographic examination in the radiologic 
department showed an extravasation of the 
medium into the lower posterior mediastinum 
and into the lett pleural space (Fig. 4, 4 and B). 

Three hours later, while in the recovery room, 
à chest roentgenogram made with the mobile 
unit disclosed progressive changes in the 
mediastinum and left chest (Fig. 4 C). Seven 
hours after the esophagoscopy, the patient 
underwent surgery and the perforation was 
closed. Recovery was uneventful, 


Comment. As was true here, and as has 
been mentioned repeatedly, the operator 
was unaware that he had perforated the 
esophagus at the time of the procedure. 
However, upon reacting from the general 
anesthetic, the patient’s symptomatology 

ras characteristic, and proper procedures 
were instituted. 

In this case, it is noteworthy that there 
was no visible subcutaneous air and only 
minimal mediastinal air. 

Case v. G.E.B. Male, aged s4 years. This 
patient had a long historv of reflux esophagitis. 
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In 1960, a hiatal hernia had been repaired with 
poor relief of symptoms. In 1962, an esophagos- 
copy was pertormed under general anesthesia, 
During the procedure, a perforation was in- 
duced but not immediately suspected. A biopsy 
at the time was later reported as “normal lung 
tissue.” After the termination of the esophagos- 
copy, the patient was cyanotic, A right tension 
pneumothorax was demonstrated by thoracen. 
tesis and by roentgenographic chest examina- 
tion with the mobile unit (Fig. ¢ 4). There was 
ล short period of cardiac standstill which was 


the esophagus was examined reentgenologically 
by contrast medium. A perforation was identi- 
fed in its lower third. The medium extra- 
vasated into the posterior mediastinum and the 
right pleural space (Fig. 5 B). The perforation 
was closed surgically within 6 hours. This was 
followed by prolonged convalescence. 


Comment. This case illustrates how easily a 
diseased eosphagus may be perforated and 
not suspected. Lt also illustrates the drama- 
tic suddenness with which a patient's condi- 





lic. §. 


of the tension pneumothorax. (B) Contrast esopl 


s. Case v. G4) Chest roentgenogram made with the mobile unit in slightly oblique position discloses 
marked collapse of the right lung, following esophagoscopy and gastroscopy with biopsy presumably of the 
esophagus. The subcutaneous emphysema in the right chest wall is the result of the thoracentesis for relief 


tageal roentgenogram, following relief of the tension 


pneumothorax, shows the level of the perforation, with extravasation of medium from the esophagus into 


the mediastinum and lower right hemithorax. 
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tion may be reversed by a tension pneumo- 
thorax. 


SUMMARY 


The problems encountered in perforation 
of the esophagus by instrumentation are 
briefly reviewed. 

Five cases from a muchlargerseries are 
presented to illustrate the major roent- 
genologic findings. 


Ted F. Leigh, M.D. 
Emory University Clinic 
Atlanta 22, Georgia 
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SIRANGULATED RICHTER'S HERNIA OF 
IHE STOMACH 
A CASE REPORT 


By J. H. ARNDT, M.D;* M. J.H EALY, M.D.,f and M. D. SCHON FELD, M.D.t 


DALLAS, TEXAS 


DIAPHRAGMATIC hernia may pre- 
sent a myriad of bizarre roentgen 
manitestations. Once considered, appropri- 
ate roentgenographic studies will generally 
verify the presence of a hernia and identify 
the structures involved. 
This is, to our knowledge, the first report 





Fic. 1, Chest roentgenogram taken during an 
asymptomatic interval between the thoracic in. 
jury and the current admission. The healed mb 
fractures on the left can be seen. 


of a case of an unusual type of herniation 
of the stomach. In spite of strong clinical 
suspicion, and adequate roen tgenologic ex- 
amination, the diagnosis was not made for 
some time. The delav resulted in Serious, 
though fortunately not fatal, com plications, 


REPORT OF A CASE 
J-M., an apparently healthy, 27 year old 


* Bavlor University Medical Center, Dallas, Texas. 
T St. Paul's Hospital, Dallas, Texas. 


white male dental student, while at a social 
gathering, ingested moderate quantities of 
mait liquor. Later in the evening he vomited, 
The following morning he awoke with severe, 
constant pain in the left upper quadrant. His 
physician admitted him to the hospital for ob- 
servation. 

Three years prior to the present admission the 
patient was in an automobile accident and 
suffered fractured ribs with a left pneumo- 
thorax. The past history was otherwise unre- 
markable. A chest roentgenogram following re- 
covery from the injury showed residual blu rring 
of the left hemidiaphragm (Fig. 1). 

The chest roentgenogram on admission re- 
vealed a considerable amount of fluid in the 
left chest obliterating the diaphragm. A fluid 
level was noted in the mid-portion of the left 





Tuis 
opacification of the lower left hemithorax, medi- 
astinal shift to the right, and the fluid level super- 
imposed over the posterior portion of the eighth 
left rib (arrows). 


2. Chest roentgenogram on admission showing 
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hemithorax. There was a shift of the mediastinal 
structures to the right (Fig. 2). A transdia- 
phragmatic herniation of a portion of the 
gastrointestinal tract was considered the most 
likely diagnosis and a barium meal study was 
expected to give prompt verification. The con- 
trast material passed readily through the 
esophagus, stomach and entire bowel. An up- 
right lateral chest roentgenogram showed the 
relationship of the fluid level in the chest to the 
esophagus and the stomach (Fig. 3). Despite 
manipulation and the Trendelenburg position- 
ing, an abnormality in the site of ล hollow 
viscus could not be demonstrated (Fig. 4). 

Several thoracenteses were subsequently per- 
formed. Initially a thin, bloody, serous fluid was 
obtained, later changing toa syrupy, dark blood. 
Chest roentgenograms following thoracentesis 
showed a small pneumothorax at the left apex 
and an increase in the quantity of the air above 
the fuid level noted originally (Fig. 5). 

Pain and occasional vomiting, present during 





Fic. 3. Upright lateral roentgenogram of the chest 
showing the relationship of the fluid level to the 
esophagus (arrows) and the stomach. 
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Fic. 4. Supine roentgenogram of the chest and 
upper abdomen with the patient in the Trendelen- 
burg position showing the barium in the fundus 
and the “body” of the stomach. 


the first 48 hours, subsided gradually. A low 
grade fever persisted. The patient remained 
ambulatory and was soon eating a general diet. 

The fourth day after admission, the hemo- 
globin dropped from 16.5 gm. to 14.1 gm. 
Eight davs after admission the hemoglobin was 
13.0 gm. A second attempt was made to dem- 
onstrate a hernia with gastrografin. In the 
Trendelenburg position the contrast material 
was seen to spiral upward from the fundus of 
the stomach through a small hole in the dia- 
phragm into a portion of the body of the 
stomach incarcerated within the thorax. The 
lesser curvature portion remained within the 
peritoneal cavity and provided continuity of 
the bowel lumen (Fig. 6). Later that day, while 
awaiting surgery, the patient's temperature 
suddenly spiked to 104? F. Thoracotomy re- 
vealed acute perforation of the body of the 
stomach into the mediastinum. Approximately 


70 per cent of the body of the stomach was re- 
sected and a 2 em. rent in the diaphragm was 


repaired. After a stormy postoperative course 
Y 3 
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je in the stomach and colon. Note the rela. 
tively normal position of the transverse colon 
(lower arrows). 


the patient improved rapidly and was dis- 
charged 20 days after admission. 
DISCUSSION 

A Richter's hernia is one in which only 
à portion of the lumen is protruded.? The 
hrst recorded description of the condition 
was probablv made in 1606.! Richter's 
description referred to a strangulation of 
small bowel in the femoral canal. Theo- 
retically any portion of the bowel capable 
of herniation through an orifice could pro- 


duce a Richter's hernia; however, in over- 
whelming majoritv of reports, reference is 
made to hernias of the small bowel in the 
inguinofemoral region.*'* Cope? describes a 
case of femoral canal herniation of the 
cecum. Carter e£ alt in illustrating the 
appearance of various gastric herniations 
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did not include a Richter’s hernia. This is, 
to our knowledge, the first such reported 
case. A review of larger surveys'5-!? fails 
to reveal a similar case. 

In a recent article Blatt e£ al? empha- 
size the frequency with which obstruction 
of a hiatal hernia is associated with a 
reversal of the pre-obstructive relationship 
between the proximal and distal stomach 
and the diaphragm. Bernatz e al in a 
review of 112 cases of ruptured diaphragm, 
stress that a high index of suspicion is the 
most important factor in the diagnosis. 

The presently reported case illustrates a 
pitfall in the "negative" gastrointestinal 
evaluation of a patient suspected of h aving 
a diaphragmatic hernia. It was felt that 


x 


the small caliber of the defect in the dia- 


Fic. 6. Supine Trendelenburg roentgenogram of 
lower chest. Gastrografin can be seen spiraling up- 


ม 


ward into the twisted body of the stomach through 
ล small rent in the diaphragm (arrow). The lesser 
curvature portion remains within the peritoneal 
cavity and provides the continuity of gastric 
lumen. 
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phragm coupled with gastric edema pre- 
cluded earlier demonstration of the herni- 
ated portion. Ín retrospect, a diagnostic 
pneumoperitoneum might have been of 
value. 


SUMMARY 


A case of a strangulated Richter’s 
hernia of the body of the stomach through 
a traumatic rent in the diaphragm is pre- 
sented. 

Appropriate roentgenographic studies 
generally verify or exclude the presence of 
an abdominal viscus within the thoracic 
cavity. In the case presented, the initial 
studies, while apparently excluding the 
diagnosis, led to a delay in treatment with 
nearly fatal complications. 


Jerome H. Arndt, M.D. 

Baylor University Medical Center 
3500 Gaston Avenue 

Dallas to, Texas 75246 


The authors are indebted to Dr. A. D. Sears for 
his review of the manuscript. 
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ISOLATED HETEROTAXY OF THE STOMACH* 


By JULIUS J. CHEPEY, M.D., and RAYMOND S. KURTZMAN, M.D. 


DETROIT, MICHIGAN 


SOLATED heterotaxv of the stomach is 

an exceedingly rare anomalv, there be- 
ing only 1 ๐ prior examples reported in the 
world literature. Almy e? al, who con- 
tributed 1 case in 1943, reviewed the litera- 
ture and found 6 earlier reports.! Since 
that time, there have been 3 additional 
cases described? 

In this abnormality the stomach lies 
behind the liver and is directed from right 
to left. As a consequence, the esophago- 
gastric junction is on the right and poste- 
rior. The duodenal bulb also is directed 
from right to left and the ligament of 
Treitz is posterior and on the right. The 
other abdominal viscera are in their nor- 
mal locations and the chest is also normal. 

REPORT OF A CASE 

W.S, a 40 year old Negro male, was ad- 
mitted to Detroit Receiving Hospital with signs 
and svmptoms suggesting an acute abdomen. 
He had been a consistent abuser of the grape 
over a period of years and any previous gastro- 
intestinal symptoms had been related specifi- 
cally to alcoholic bouts. Physical examination 
and laboratory studies were not remarkable. 
Roentgenographic examination of the chest 
showed no abnormalities with the heart being 
in its usual position, A gas shadow beneath 
the nght diaphragm was noted (Fig. 1) and 
further roentgenographic examinations were 
made. An oral cholecystogram (Fig. 2) demon- 
strated that the liver and the gallbladder 
lay on the right in their normal positions, and 
that the spleen lay in its usual location on the 
left. Barium studies demonstrated an abnormal 
course of the distal esophagus, with the 
esophagogastric junction. being located to the 
right of its usual position (Fig. 3). The stomach 
lay behind the liver (Fig. 4) and in a reversed 
position (Fig. ṣẹ). The duodenal bulb was di- 
rected from right to lett. The ligament of Treitz 
was abnormally low and on the right side but 
distal to this the small bowel had its normal 


course. Follow-up  roentgenograms demon- 
strated the colon to be normal with the cecum 
in normal position. (Fig. 6). The gas shadow 
beneath the right diaphragm represented the 
stomach bubble, 

A clinical diagnosis of alcoholic gastritis was 
made, and the patient was treated conserva- 
tively with complete remission of all symptoms 
within 2 days, after which he was discharged 
from the hospital. 


DISCUSSION 


Congenital right sided stomach occurs in 
many of the torms of abdominal hetero- 
E PL ¢ . to»» 
taxy ( situs. inversus abdominalis”) and 
may be associated with abnormalities of the 
heart, particularly in cases of isolated 
levocardia.?:3 





Fic. 1. Chest showing normal thoracic relation- 
ships and stomach bubble beneath the right 
diaphragm. 


” From the Department of Radiology, Wayne State University College of Medicine and Detroit Receiving Hospital, Detroit, 


Michigan. 
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Lateral roentgenogram shows stomach 
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to be behind the live 
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[he stomach also may be displaced to the 
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right by an abdominal mass or by adhesions. 
There have been a number of cases re- 

ported of right sidec 





t sided stomach associated 














Fic. 2. Oral cholecystogram showing the liver and 


gallbladder on the right side, the spleen on the 
eft side. Note the gas-filled stomach on the right 


side 











esophagogastric junction deviate: 
to the right. 


; Isolated Heterotaxy of the $ 





tomach 











Fic. s. Barium study shows right sided stomach 
with the duodenal bulb directed from the right to 


the left. The ligament of Treitz is also low and on 
the right side. 








Fic. 6. The colon is normal except for slight 
depression of the hepatic flexure. 


with eventration of the right diaphragm. In 
these cases, the stomach appears to be 
above rather than behind the liver and a 
different mechanism of development may 
well be involved?» 

The differentiation of isolated hetero. 
taxy of the stomach from the other anom- 
alies is easily made, the key being the 
posterior location of the stomach, as well 
as the absence of other associated abnor- 
malities, 


The embryology of this abnormality is of 


considerable interest although the exact 
mechanism is not known. The stomach 
derives from the primitive foregut. Begin- 
ning as a simple midline tube in the thorax, 
the stomach rotates on its vertical and 
horizontal axes and descends into the ab- 
dominal cavity to its normal position. This 
usually has occurred by the end of the sec- 
ond tetal month. Reversal of normal rota- 
ton could. account for dextroposition 
within the abdominal cavity! 


Julius J. Chepey and Raymond S. Kurtzman 


APRIL, 1964 


This portion of the intestinal tract does 
not become extruded into the umbilical 
cord, and therefore does not enter into the 
possible abnormalities of rotation involving 
the more distal portions of the bowel. 


SUMMARY 


An example of an unusual congenital 
anomalv, isolated heterotaxv of the stom- 
ach, is presented. The key feature of the 
abnormality consists of a right-sided stom- 
ach which is located behind the liver with 
the other thoracic and abdominal viscera 


being in their usual positions. This entity 
has no known clinical significance other 


E 


than the fact that it exists. 


Raymond S. Kurtzman, M.D. 

Department of Radiology 

Wayne State University 
College of Medicine 

1401 Rivard Street 

Detroit 7, Michigan 
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EOSINOPHILIC GASTROENTERITIS* 


By MARTIN J. EDELMAN, M.D., asd THOMAS L. MARCH, M.D. 


NEW YORK, NEW YORK 


OSINOPHILIC infiltration of the 

stomach and small bowel occurs in two 
forms, which should be distinguished clin- 
ically, roentgenologically and patho- 
logically. 

The first 1s the so called "eosinophilic 
granuloma" of the stomach, a localized 
submucosal inflammatory polypoid lesion, 
characterized pathologically by discrete 
collections of fibroblastic, reticular and 
fibrillar connective tissue, and infiltration 
by chronic inflammatory cells, with eo- 
sinophils usually predominant.? Although 
usually located in the gastric antrum, oc- 
casional cases have been described in the 
proximal stomach, small and large bowel. 
The lesion 1s completely unrelated to the 
eosinophilic granuloma of bone, the basic 
cell type of which is the histiocyte, rather 
than the fibroblast. To the best of our 
knowledge, no case has been reported in 
which the two lesions coexisted. No specific 
clinical or laboratory findings have been 
described in this condition. The roentgen 
findings are equally nonspecific, and do not 
permit distinction from other polypoid or 
intramural lesions of the stomach. This 
entity has been adequately described!919.2 
and is not the subject of the present paper. 

The second, or diffuse type, has been 
previously reported under a variety of 
names, including the "gastric lesion of 
Loeffler’s syndrome," “gastric granuloma 
with eosinophilic infiltration,” ‘‘eosino- 
philic gastroduodenitis," and, unfortu- 
nately, “eosinophilic granuloma of the 
stomach.” This confusion in terminology 
has resulted in a lack of adequate distinction 
between these two separate and distinct 
forms of gastrointestinal inflammatory 
disease. We prefer the term “eosinophilic 
gastroenteritis” for the diffuse type, which 
has sufficiently characteristic clinical, lab- 


oratory and roentgen features to permit 
diagnosis without resort to surgery. 

We have encountered 2 cases of eosino- 
philic gastroenteritis at The New York 
Hospital. One of these has been previously 
reported. Both patients, young males, 
presented with narrowed lesions of the 
gastric antrum and persistent blood eosino- 
philia. Biopsy revealed extensive eosino- 
philic infiltration of the stomach in one 
patient, and of the stomach, duodenum and 
jejunum in the other. A review of the litera- 
ture revealed 22 similar previously re- 
ported cases (Table 1). It is the purpose of 
this paper to describe this entity, report an 
additional case with the unusual feature of 
protein losing enteropathy, and bring to 
the attention of radiologists the feasibility 
of clinical and roentgenologic diagnosis. 


REPORT OF CASES 


Case. P. B., a 16 yearold white male (N.Y.H. 
$940c22), was transferred to The New York 
Hospital for evaluation of anemia, guaiac posi- 
tive stools, hypoproteinemia and an abnormal 
upper gastrointestinal series. He complained of 
weakness, shortness of breath, and occasional 
regurgitation of clear fluid. He was otherwise 
asymptomatic. There was no history of allergies. 
Past history, family history and review of sys- 
tems were noncontributory to the present ill- 
ness. Physical examination revealed a well 
developed, well nourished white male who ap- 
peared pale, but otherwise well. There were no 
other abnormal physical findings. Significant 
laboratory findings were as follows: hemoglobin 
6.1 gm. per cent, hematocrit 27.5, white blood 
cell count 14,200 with 14 per cent eosinophils; 
gualac positive stools; total protein 4.7 gm. 
per cent with albumin/globulin 3.3/1.4 gm. per 
cent; serum iron 20 ug. per cent (§ per cent 
saturation). J]! labelled albumin turnover 
studies indicated protein loss into the gastro- 
intestinal tract in excess of that which could be 
attributed to bleeding. Gastric chymotrypsin 


* From the Department of Radiology, The New York Hospital-Cornell Medical Center, New York, New York. 
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TABLE I 
REPORTED CASES OF EOSINOPEILIC GASTROENTERITIS 
Ref Sex | S Roentyen Findings | Blood Cell | phis (oer) Allergic Pathol 
erences e ex ymptorrs ntzen Fin U : athology 
t p Count cent History 
Kaijser! 53 M | Pain, 26 Onion Eosinophillc infiltration in mucosa and 
1937 vomiting (9 days | intolerance submucosa 
postop.) 
Herrera and 55 M | Pain, Pyloric obstruction Poatop. Muscular h y; eosinophilic in- 
de n Guardia’ vomiting filtration in m ris and submucosa 
194 
Barrie and Pain, Prepyloric filling Muscular hypertrophy; eosinophilic in- 
Anderson? vomiting defect; 6 hour re- Gltration in muscularis ; peara-arterial 
1948 tention giant cells 
Schneider and M | Pain, Antral narrowing No Eosinophilic infiltration most marked in 
Dailey!* hematemesis, | simulating carcino- MUCOSA 
1948 melena ma; gastric retention 
Moloney! Pein Muscular hypertrophy; eosinophilic in- 
1949 vomiting filtration in m 
Spencer ef al. Pain Pyloric obatruction Urticaria Muscular hypertrophy; node in- 
1950 vomiting, filtration in EY and submucosa 
diarrhea 
Doniach and Pain, Rugal hypertrophy, No Eosinophilic infiltration most marked in 
McKeown' hematemesis | perticularly in submucosa; muscle necrosis in muscu- 
IQSI antrum laris 
Barnett and Epigastric Antral defcrrrity re- No Muscular hypertrophy; eosinophilic in- 
Kaxmann! istress, sembling carcinoma; filtration in submucosa 
1952 nanses gastric retention 
Ruxic e£ al. Pain Huge lesser curva- Asthma Eosinophilic infiltration most marked 
1052 diarrhea ture filling defect in serosa, primarily perivascular 
Orr el ณุ น Pain Normal Contact Muscular hypertrophy; eosinophilic in- 
1954 vomiting dermatitis filtration in miele 
Pain, Many food | Muscular hypertrophy; eosinophilic in- 
vomiting allergies filtration in muscularm 
Judd ef al? 34 M | Hematemesis | Smooth pyloric Asthma Muscular hypertrophy; eosinophilic in- 
1955 narrowing: gastric filtration in mucosa and submucosa 
retention 
McCune d al3| 28 F Pain, Pyloric okstruction Eosinophilic infiltration in submucosa 
1955 vomiting, and m j 
diarrhea 
54 M | Epigastric Cone-like deformity Muscular hypertrophy; eosinophilic in- 
discomfort of pylorus; gastric filtration in Sous จ 
retention 
3 ๐ MO Vomiting Prepyloric narrow- Eosinophilic infiltration and thickening 
ing with ulcer-like of submucosa; no ulcer seen 
crater 
Swarts and 34 M | Pain Pyloric obstruction No Muscular hypertrophy; eosinophilic in- 
Youngt vomiting filtration in scalar submucosa and 
1955 muscularis mucosae 
47 F Pain, Narrowed antrum No No gastric blopsy 
vomiting 
Lynch e al.” 35 M | Pain, Pyloric obstruction No Muscular hypertrophy; eoainonh ilie in- 
1956 vomiting filtration in Diei end and submucosa 
Ferrier and a3 M | Pain, Dilated duodenum; No No gastric biopsy; eosinophilic infiltra- 
Davis? diarrhea clumping of barium tion of small bowel and mesenteric 
1957 in small bowel lymph node 
Cantor* 40 F Pain, | Narrowed antrum; Food Thickened antrum and pylorus; eosino- 
1059 vomiting dilated duodenum intolerances | philic infiltration in gastric wall 
Kapp and 64. F Vomiting Many, Eosinophilic infiltration between sub- 
P unant including mucosa and muscularis 
1961 penicillin , 
Weeks and 26 M | Vomiting Pyloric narrowing Asthma, food | Eosinophilic infiltration in mucosa and 
Glenn® and obstruction intolerances, | submucosa 
1961 (Fig. 3) urticaria 
Blackwell and 55 F Pain Narrowed pylorus 6,300 Numerous Muscular hypertrophy; eosinophilic in- 
Gild? vomiting and antrum; food filtration in m aris น : 
1962 gastric ulzer intolerances 
Edelman and 16 M | Weakness, Antral narrowing 14,200 No Pseudopolypoid mucosa; eosinophilic 
aia melena with ‘‘cobblestone’’ infiltration In mucosa, submucosa and 
1904 ascularis 


appearance (Fig. x 
and 2) 





um 
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studies were Class 1. Gastroscopy showed a 
nodular appearance in the gastric antrum. 


antrum, with multiple polypoid filling detects 
having a “cobblestone” appearance (Fig. 1 and 
2). No abnormalities were noted in the duo- 
denum and small bowel. Gastric emptying was 
normal. 

Following blood replacement, an exploratory 
laparotomy was performed. The pyloric portion 
of the stomach and the jejunum were thickened. 
Enlarged lymph nodes were present along both 
curvatures of the stomach and in the small 


bowel mesentery. A subtotal gastrectomy and 
gastroenterostomy were performed. The sub- 


sequent postoperative course was uneventful. 
'The mucosa in the resected antrum showed a 
pseudopolvpoid appearance. The lamina pro- 
pria and muscularis mucosae were completely 
infiltrated by eosinophils and plasma cells. 
Occasional eosinophils were present in the sub- 
mucosa and muscularis. The mucosal changes 
extended into the duodenum. Similar changes 
were noted in a jejunal biopsy specimen. A re- 
sected lymph node showed hyperplasia of the 
reticuloendothelial cells and marked infiltration 
by eosinophils and plasma cells. No granulo- 
mata were seen. The pathologist’s diagnosis 
was eosinophilic gastroduodenitis and jejunitis. 





Case u.* A.T., a 26 vear old white male 
(N.Y.H. #362344), was admitted to The New 
York Hospital because of intermittent. vomit- 
ing of food eaten many hours previously and 
inability to gain weight. Egg and wheat con- 
taining foods aggravated his symptoms. He had 
a past history of bronchial asthma, hay fever, 
and urticaria. There was a family history of 
allergy. Physical examination revealed an 
asthenic young male, with some tenderness to 
deep palpation in the epigastrium. No other ab- 
normal physical findings were present. Sig- 
nificant laboratory findings were as follows: 
white blood cell count 14,500 with 23 per cent 
eosinophils; gastric analysis showed no free acid 
following histamine stimulation, Gastric chymo- 
trypsin studies were Class 1. Upper gastro- 
intestinal series showed persistent annular 
narrowing of the antrum with rigidity. The 
mucosa in the narrowed segment had a "cobble- 
stone" appearance (Fig. 3). Gastroscopy re- 
vealed a reddened and granular antral mucosa. 





* "This case has been previously reported.” 
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Fic, 1. Case 1. Upper gastrointestinal study showing 
antral narrowing and multiple polypoid filling 
detects. 


Dr. Frank Glenn's preoperative diagnosis was 
eosinophilic gastritis. 

An exploratory laparotomy revealed thicken- 
ing of the pylorus and slight enlargement of the 
mesogastric lymph nodes. Biopsy and frozen 
section revealed denseinfiltration of thestomach 
with eosinophils, An anterior gastrojejunostomy 
was performed. 

Histologically, there were many eosinophils 
in the lamina propria and muscularis mucosae 
with some involvement of the submucosa. 
There was edema of the gastric wall. The pathol- 
ogist’s diagnosis was eosinophilic gastroduo- 
denitis. 

Postoperatively, the patient had relief from 
vomiting and gained weight. A year and halt 
later, he was re-admitted for massive gastro- 
intestinal bleeding following generous alcoholic 
intake. A gastrointestinal series at this time 
showed a normally functioning gastroenteros- 
tomy and a narrowed pylorus. Whether the 
bleeding was related to persistent antral disease 
was not determined. He has since been well and 
symptom free. 


DISCUSSION 


Pathologically, eosinophilic gastroenteri- 
tis is characterized by thickening of the 
bowel wall and extensive infiltration by in- 
flammatory cells, predominantly eosino- 
phils. Most cases reveal maximal changes 
in the muscularis, with muscle hypertrophy 
and marked cellular infiltration between 
muscle bundles. Eosinophils predominate, 
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fog 





Pressure 


Case 1. 
showing 
better advantage. 


bic. 2. 
antrum 


spot 


“cobblestone” appearance to 


but mononuclear cells and other granulo- 
cvtes are present In varying proportions. 
A tendency to perivascular location of the 
cellular infiltrate has been noted: occasion- 
ally, there is evidence of seuls Others 
describe the infiltration predominantly i 
the mucosa, submucosa or serosa. It has 
been suggested that the laver of bowel wall 
chiefly involved may determine the pre- 
senting signs and symptoms; f.e., muscle 
infiltration and hypertrophy mav result in 
Ed ave 0 ฝ iij 0 mu oe bu 
๒ ๐ ๑ 1 Edu i. repor ae br ME 
and Young? may reflect another manifesta- 
tion of this same disease with predomi- 
nantly serosal involvement. Our Case i, 
the first reported case associated with a 
protein losing enteropathy, revealed maxi- 
mal changes in the mucosa, lending support 
to this hvpothesis. 

An analvsis of all cases reported to date, 
including our own (Table 1), reveals à 
nearly equal sex distribution, แม an age 
range from 16 to 64 vears (averag 
years). Typically, these patients pni 
of epigastric pain and vomiting; occasion- 
allv, diarrhea and evidences of gastrointes- 
tinal bleeding are prominent features. AL 
most half of the patients give a history of 
allergies. The most striking features, however, 
are an 80 UATE er o bood eosin baie 


d 1 narrowing and yrs fi E 


All re- 
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ported cases with positive roentgenographic 
findings showed antral disease. Small vn el 
involvement frequently accompanies the 
more clinically and roentgenographically 
evident gastric lesion. 

Although distinction must be made from 
other conditions which may narrow and 
obstruct the gastric outlet, the combination 
of antral narrowing and blood eosinophilia 
(as high as 60 per cent), particularly in a 
young patient with an allergy history, 

should alert the radiologist to the ก ร. 
ity of this uncommon disease. 

The diagnosis is of more than academic 
5 is op treatment i Ha 

2 . The 
disease is RU self med m may 
be characterized by remissions and exacer- 
bations. A number of reported cases gave a 
history of recurrent symptoms similar to 
those which later led to further inv estiga- 
tion and diagnosis. In the case reported by 
Ruzic etal." an upper gastrointestinal series 
and eosinophil count returned to normal 


Case IL Upper gastrointestinal study show- 


big. 3. 
ing m narrowing of Mus gastric antrum with 
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in 3 months, coincident with resolution of 
symptoms. Other authors have emphasized 
the tendency to spontaneous remis- 
sion.^73921. Prompt clinical improvement 
has been reported following ACTH ther- 
apy.^!5* If surgery is performed, either be- 
cause of inability to reasonably establish 
the diagnosis or to relieve pyloric obstruc- 
tion or bleeding, the most conservative 
procedure (i.e., biopsy, simple gastro- 
enterostomy) should be done. Gastric re- 
section would not appear indicated, except 
to control hemorrhage. In cases in which a 
biopsy was taken and the lesion left in 
situ, asatisfactory result was obtained.!*:17.8 

The etiology of eosinophilic gastroenteri- 
tis is unknown. Whether eosinophilic infil- 
tration of the bowel wall reflects a non- 
specific host response to a variety of 
stimuli in allergic individuals, or is, in fact, 
a single disease entity with varied mani- 
festations is speculative. The possibility 
that this may represent a localized gastro- 
intestinal manifestation of allergy has been 
suggested by most authors, but no con- 
sistent relationship between exposure to a 
specific allergen and symptomatic exacerba- 
tion has been established. Parasitic etiology 
has never been proven. The typically 
benign course militates against a relation- 
ship to a collagen vascular disease of the 
polyarteritis nodosa type. In spite of our 
present inability to document a common 
etiology and pathology in the cases reported 
to date, there is little doubt that eosino- 
philic gastroenteritis forms a recognizable 
clinical and roentgenographic entity which 
often can be diagnosed without resort to 
surgery. 


SUMMARY 


Eosinophilic gastroenteritis is described 
and an additional case with the unusual 
feature of protein losing enteropathy is 
reported. Attention is called to the feasi- 
bility of clinical and roentgenographic 
diagnosis. 

Martin J. Edelman, M.D. 


525 East 68 Street 
New York 21, New York 
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REPORT 


By NICHOLAS f. 


CHICAGO, 


HAT there is a great variety of ab- 
dominal calcifications of varying eti- 
ology is well known. Among these, calcifica- 
tions within gastrointestinal neoplasms 
occur infrequently. Benign gastric neo- 
plasms, such as leiomvomas, sometimes 
show calcific deposits. Hemangiomas of the 
A tract are also known to 
calcify. Calcifications within malignant 
i m al tumors are, however, ex- 


ceedingly rare. Several cases of calcifying 


colon carcinomas have been reported. 
Only ¢ proved cases of calcifications within 


gastric carcinomas have been described in 
the English medical literature; the foreign 
literature is likewise scant on this subject. 

The author's purpose is to present a case 
of gastric carcifhoma in which calcium de- 
posits were demonstrated on roentgeno- 
logic examination. This permitted a cor- 
rect preoperative diagnosis. As far as we 
could determine, this is now the sixth such 
case reported in the English medical 
literature. One of the other cases was also 
reported from this department by Batlan. 


REPORT OF A CASE 


A sg year old Negro male was admitted to 
Michael Reese Hospital on April 2, 1962 com- 
plaining of a 30 pound weight loss in 8 months, 
combined with marked loss of appetite. Thee 
was no hematemesis or melena. Physical ex- 
amination revealed a firm, nontender mass in 
the d and questionable hepato- 
megaly. The cholecystogram showed a normally 
functioning gallbladder; no stones were visual- 
ized. The barium enema study was normal; 
however, there were rather well defined punc- 
tate densities noted in the stomach area (Fig. 
D. The barium meal studies revealed marked 
deformity of the body of the stomach 1n asso- 
ciation with a mass. The calcific densities were 
again observed within the markedly thickened 
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lic. 1 


. Barium enema study showing calcifica- 
tions in the area of the stomach. 


and rigid gastric wall (Fig. 2, 4, B and C). Be- 
cause of the calcifications, mucinous adeno- 
carcinoma of the stomach was diagnosed. 
Gastroscopy disclosed a lesion suspected of 
being malignant. Cell washings were positive 
for carcinoma, At surgery an extensive 
cinoma of the stomach was found, 
the entire body as well as the fundus. There 
were metastases to the liver, omentum and 
peritoneum. Biopsy of one of the omental 
lymph nodes showed mucinous adenocarcinoma 
(Vig. 3). No gastric resection was performed. 


Car- 
involving 


DISCUSSION 
Pathologists are well aware of calcifica- 
tions within stomach cancers and mention 
of these is made in Virchow s Archives as 
earlv as 1928. However, since there was no 
correlation with roentgenologic findings, 
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we shall not concern ourselves with these theories as to the cause have been proposed 
reports. of which the theory regarding the so-called 


Phe roentgenographic demonstration of dystrophic calcifications seems the most 
calcium deposits within an adenocarcinoma — plausible. 








"arlous These are 





calcifications in ischemic anc 





A and B) Supine spot roentgenograms of the stomach showing calcifications w 
ened gastric wall. (C) Calcifications we 
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Tase I 


ANALYSIS OF CASES OF MUCINOUS ADENOCARCINOMA OF THE STOMACH WITH ROENTGENOLOGICALLY 


Author 


Beliczay* 


Abel! 


Riedel? 


Tenconi'* 


Robertson and 
Osterhout 


Batlan? 


Kendig’ 


Matthews! 


Petersen!* 


Khilnani? 


Present Author 


necrotic areas, which are said to occur be- 
cause of the relative alkalinity of the 
circulating extracellular 
about by diminished cellular respiration 


Year 


1937 


1939 


1940 


1948 


1948 


1948 


1952 


1954 


1957 


1958 


1963 


Sex 


Age 


35 


30 


40 


37 


42 


$1 


45 


47 


59 


F, 


59 


fluid—brought 


DEMONSTRATED CALCIFICATIONS 





Clinical Findings 


Ascites; extensive infiltration; 
distant metastases 


Ascites; palpable mass; mucous 
producing carcinoma involving 
most of the stomach 


Palpable mass; mucinous adeno- 
carcinoma involving entire stom- 


ach 


Anterior wall mucinous adeno- 
carcinoma 


Mucinous adenocarcinoma  in- 
volving antrum 


Ascites; antral mucinous adeno- 
carcinoma 


Moderately well differentiated 
mucinous adenocarcinoma involv- 
ing distal half of stomach; region- 
al lymph node metastasis 


Mucinous adenocarcinoma involv- 
ing distal two-thirds of stomach 


Mucoid carcinoma simplex with 
regional lymph node metastases 


Mucinous adenocarcinoma  in- 
volving distal two-thirds of stom- 
ach 


Extensive infiltration of pars me- 
dia and distal portion; mucinous 
adenocarcinoma 


Huge mucoid adenocarcinoma in- 
volving the entire stomach; re- 
gional and distal metastases 


Mucinous adenocarcinoma involv- 
ing fundus and body of stomach 





Roentgenologic Findings 


Coat-like gastric calcifications 


Mottled calcifications through- 
out thickened stomach wall 


Stippled calcium deposits in left 
upper abdomen 


Calcific densities along lesser 
curvature 


Antral neoplasm with mottled 
calcific densities 


Lesser curvature mottled calci- 
fications 


Poorly outlined mottled calcific 
shadow associated with mass 


Infiltration of lower stomach, 
stippled calcium deposits along 
lesser curvature and posterior 
wall 


Subtotal resection with recur- 
rence of tumor with calcifications 


Punctate and flake-like calcifi- 
cations 


Numerous granular calcifications 


Innumerable small calcifications 
in left upper quadrant. of ab- 
domen, associated with mass 


Punctate calcifications pro- 
jected upon upper part of stom- 
ach 


and diminished carbon dioxide production, 
a situation that may result from insufficient 
blood supply. The balance between calcium 
solubility and deposition as the salt de- 
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146.3 
mucinous adenocarcinoma (X150, H & E). 


Omental lymph node biopsy showing 


pends largely on the pH of the medium, 
increasing as the pH increases. 

Why only a very 
gastric cancers calcify 
interest is the fact that almost all of the 
caleium-producing gastric cancers includ- 
ing the reported case were mucinous adeno- 
carcinomas. The only other tumors of sim- 
ilar histology that occasionally caleify are 
the ovarian papillary mucoid and cystic 
mucoid adenocarcinomas, as well as mu- 
coid colon carcinomas. The former may 
show the rather characteristic granular 
calcifications, so-called psammocarcinomas. 

The appearance of the calcifications is 
sufficiently characteristic to permit diag- 
nosis from plain roentgenograms with 
reasonable accuracy. In the differential 
diagnosis one would have to consider 
calcifications within the pancreas, spleen, 
left kidney and adrenal which are generally 
quite different in appearance. Retained 
gallbladder contrast medium might be con- 
fusing. 

Table 1 is a summarv of the clinical and 
roentgenologic findings in cases heretofore 
reported. It is of special note that in all but 
one case of calcified gastric cancer the 
tumor was mucinous adenocarcinoma. 

Leiomyomas of the stomach commonly 
exhibit degenerative changes including 
fibrosis, hemorrhage, hyaline degeneration, 
and calcification. This histologic appear- 


small percentage of 
is not known. Of 


APRIL, 1964 
ance is said to resemble uterine leiomyomas. 
It is estimated that onlv 4 per cent of all 
leiomyomas reported in the literature have 
shown calcifications roen tgenologically. The 
calcific densities within the mass are us- 
ually circumscribed, stippled, or patchy 
and at times quite mobile. An intraluminal 
mass can invariably be demonstrated by a 
gastrointestinal series with localized a 
tormities of the gastric wall. F 

small tumors, 1-2 cm. in one ae 
been detected on roentgenograms by virtue 
of the calcification. 


SUMMARY 


A case of calcification within a gastric 
mucinous adenocarcinoma has been pre- 
sented. Only s other proved cases have been 
described in the English medical literature. 
The calcium deposits consist of small 
stippled and flake-like concretions and are 
sufficiently characteristic in appearance to 
make possible the correct diagnosis from a 
plain roentgenogram of the abdomen. 


Department of Diagnostic Roentgenology 
Michael Reese Hospital 

29th Street and Ellis Avenue 

Chicago 16, lilinois 
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RADIOACTIVE I?! AND P? AS AIDS IN THE 
DIAGNOSIS OF LESIONS OF 
THE STOMACH* 
By DONALD L. OTTO, M.D., NORMAN H. HORWITZ, Px.D., RAYMOND S. KURTZMAN, M.D., 
and JAMES E. LOFSTROM, M.D. 


DETROIT, MICHIGAN 


WHILE there are undoubtedly physi- 
cians who subscribe to the doctrine of 
immediate surgical excision for all gastric 
lesions, the majority prefer to obtain as 
much diagnostic information as possible 
with a view to selection of those patients 
who may be safely treated by nonsurgical 
means. In order to do this with confidence, 
the various diagnostic measures employed 
should achieve a high degree of reliability. 
Even among those who advocate the im- 
mediate removal of all demonstrated and 
suspected gastric lesions, the preoperative 
confirmation of benignancy or malignancy 
is most helpful in avoiding operative 
biopsy and in assisting the planning of a 
rational operation. Based on Dragstedt’s® 
implication of antral stasis as the basic 
mechanism in the etiology of benign gastric 
ulcer, there is a small but increasing trend 
to treat apparently benign gastric ulcer by 
vagotomy and pyloroplasty, with or with- 
out wedge resection of the ulcer.® In fact, 
the high and difficult juxta-esophageal ulcer 
has long been treated on these principles.’ 
While there is almost universal agreement 
that biopsy of the ulcer is mandatory, de- 
cision on the frozen section histology is not 
always easy. Any method, therefore, pro- 
viding evidence in the direction of benig- 
nancy or malignancy is valuable. 
Furthermore, increased longevity in the 
general population may be expected to 
lead to an increasing number of patients 
with concomitant emphysema, cardio- 
vascular disease and gastric lesions. Many 
of these patients with poor pulmonary 
function and cardiac reserve tolerate gen- 
eral anesthesia poorly and operation is 
often hazardous. It is consequently of 


greatest importance to attempt to separate 
benign and malignant lesions in this group. 

Unfortunately, it must be recognized 
that conventional roentgenologic studies, 
while virtually diagnostic in many cases, 
may occasionally be equivocal or mislead- 
ing even in the best hands. Radiologists are 
familiar with the malignant ulcer mas- 
querading as a typical peptic ulcer—and 
vice versa— the "indeterminate" ulcer, the 
problem of locally or generally enlarged 
folds, and with the difficulty 1n differentiat- 
ing the causes of a narrowed antrum, to cite 
a few common examples. Skillful gastros- 
copy and exfoliative cytology may help to 
resolve some, but not all of these problems. 
Each method has its definite, well-recog- 
rized limitations, and there can be no 
cuestion that any safe, reliable, and easily 
performed investigation which gives cor- 
roborative evidence will be helpful and 
may, in fact, under certain special clinical 
circumstances, become invaluable. 

In the hope of improving the radiologic 
diagnosis of gastric lesions, we have in- 
vestigated the clinical value of Nal and 
P** gastric uptake in various benign and 
malignant lesions of the stomach. Con- 
trary to a previous report,’ we found no 
selective uptake of Nal in 12 gastric 
carcinomas studied preoperatively by 
means of scintiscans of the stomach and we 
concluded that this approach has no clinical 
merit. Figures 1, 2, 3 and 4 show the find- 
ings in an ulcerating carcinoma of the 
stomach and are representative of the re- 
sults in all the cancers studied. 

Selective uptake of P9, however, in 
gastric cancer as well as in various other 
malignant neoplasms is an established 


* From Wayne State University College of Medicine, Detroit Memcrial Hospital, and Detroit Receiving Hospital 
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Fic. 1. Large saucer shaped ulcer of lesser curva- 
ture with nodular mucosal 
carcinoma. 


[utin 


fact,^ 1*7 Nucleoprotein and lipid. phos- 
phorus metabolic rates are at least 45 per 
cent higher in human gastric cancer than 
in noncancerous mucosa," and measure- 
ments of resected stomach cancers have 
shown P® uptake increased in the ratio of 
1.3:1 to 13.5:1 compared to normal mu- 
cosa." 

Nakayama! was the first to use this bio- 





i 


chemical feature of neoplasms in the 
clinical diagnosis of carcinoma of the 





after 
soo uc of Nal. There is no selective uptake in the 
lesion (heavy black dot at left center represents 
xiphoid process). 


Fic. 2. Three hour scintiscan of stomach 


Lesions of the Stomach 





lic. 3. Seintiscan of gross specimen approximately 
3 hours after soo น อ Nal™ No selective uptake. 
"P" represents pyloric end of specimen. 


paring counts of normal mucosa with a 
lesion using small Geiger-Müller tubes 
placed adjacent to the suspected area 
under fluoroscopic guidance, 6 to 48 hours 
after 300- soc uc of P? had been given intra- 
muscularly. Ratios of 1.3:1 or higher were 
found in malignant lesions. 

Several vears later Ackerman ef a£.'* de- 
vised a method called “ว 9 vito radioautog- 
aphy" in which a rubber balloon coated 
with an elastic, latex-base photosensitive 
emulsion attached to a nasogastric tube 
was placed in the stomach 2 hours after 





Fic. 4. Photograph of specimen opened along greater 
curvature. The pylorus is to the left. Histologic 
diagnosis: adenocarcinoma, ulcerating. 
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Fic. $. Schematic drawing of surface barrier type 
of solid state detector. See text for principles of 
operation. 


$00 uc of intravenously administered P, 
With. this technique phosphorus radio- 
activity in carcinoma could be detected by 
the density produced on the developed 
emulsion. 

In our studv we have used a solid state 
detector, placed in the stomach under 
fluoroscopic or gastroscopic control, as the 
measuring instrument to detect phosphorus 
radioactivity. We believe that this ap- 
proach possesses the advantages of simplic- 
ity, high counting efficiency, and reliability; 
and that it can provide valuable informa- 
tion important to the clinical management 
of a patient with a gastric lesion. 


THE SOLID STATE DETECTOR? 


A solid state detector is analagous to an 
ionization chamber. Both are instruments 
for detecting radiation, but the function of 
the gas in an ionization chamber is per- 
formed in the solid state detector bv semi- 
conducting solid materials. 

Figure ร shows schematically the struc- 
ture of one type of solid state detector, the 
surface barrier type. A wafer of specially 
prepared silicon has diffused into its sur- 
face a dissimilar substance to produce a 
junction between two semiconducting ma- 
terials, the so-called “p-n” junction. A thin 
surface layer of gold provides a uniform 
electric field across the junction. For 
radiation detection, the detector is operated 
with a reverse voltage polarity, or bias, 
which establishes an electric field and a 
radiation-sensitive volume on either side of 
the junction. This is called the depletion 
laver. It is in this region that radiation 
interacts to form "ion-pairs," or, in the 


. H. Horwitz, R. S 
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language of solid state phvsics, electron- 
hole pairs. 

When a charged particle (e.g., the beta 
particle of P*) enters the energized detec- 
tor, electron-hole pairs are formed bv dis- 
placement of electrons from their sites in 
the depletion laver. The electrons drift 


toward the positive electrode, and the 
positively charged regions or “holes,” 


which remain in the wake of the displaced 
electrons, migrate toward the negative 
electrode. "Thus each charged particle 
entering the detector causes a flow of 
charge resulting in a pulse, or count, the 
magnitude of which is proportional to the 
energy of the interacting particle. 

The detector is connected to a charge- 
sensitive pre-amplifier for maximum sensi- 
tivity. The output of this amplifier is 
handled by conventional amplifiers, scalers, 
and rate meters. 

Several characteristics of solid state de- 
tectors make them extremely useful. Among 
these are: (1) small size—the sensitive area 
of the surface barrier tvpe used in this 
study is 7 sq. mm.; (2) ruggedness; and 
(3) high sensitivitv—free mobility of the 
charged carriers in the depletion laver and 
an extremelv short distance between elec- 
trodes results in collection times as short 
as 107? seconds. Furthermore, 100 per cent 
efhciency in counting charged particles 
can be achieved if the depletion laver is 
thick enough. 


CLINICAL MATERIAL AND METHOD 


Fifty-three patients with roentgenologi- 
cally demonstrated or suspected gastric 
lesions were examined. With the exception 
of 4 cases of peptic ulcer treated medically 
and followed to complete clinical and 
radiologic healing, a histologic tissue diag- 
nosis was obtained in each patient. 


the rate meter. A spring loaded deflector 
and thin hollow polyethylene tubing were 
placed adjacent to the cable and the entire 
apparatus encased in RTTV.tvpe silicon 
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rubber covering, leaving an outlet for the 
polyethylene tubing so that air could be 
pumped into the stomach (Fig. 6). 

‘our hundred microcuries of P? were 
given intravenously, 18 to 24 hours prior 
to the examination. The tube containing 
the detector was passed into the fasting 
stomach after anesthetizing the pharynx. 
Using image intensified fluoroscopy, the 
stomach was inflated with air, and the 
detector was placed first against the wall 
of normal mucosa and then against the 
lesion as determined by previous roentgen 
studies. In a number of cases the detector 

‘as positioned under ' vision during 
gastroscopv. 

Since the average energy of the beta 
radiation from radioactive phos phorus 1s 
0.695 mev. with a maximum tissue penetra- 
tion of 0.8 cm. and length of travel in air 
of 10 em., the detector was carefully posi- 
tioned with the sensitive portion of the 
probe adjacent to the area being counted 
so as to avoid erroneous count rates due to 
the inverse square law. Usually, this could 
be accomplished by rotation of the patient 





p 




















Fic. 6. Photograph of apparatus. The detector (end- 
sensitive type) is at the tip. The cables are at- 
tached to pre-amplifier and rate meter through 
connection at upper right. The deflector is manipu- 
lated with spring at bottom. The polyethylene 
tube connector is at upper left. 
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n relative to normal mucosa. 


rates of lesio 
T Includes one false negative. 
t Includes one false positive, 
* Only 2 patients with peptic ulcer had ratios 


* Count 


of 12:1 and 


ค 


1.25 1, respectively, 


in the erect, prone and supine positions and 
bv the use of the deflector. Several deter- 
minations w 
tion to be certain the lesion, gtself จ 
counted. The entire procedure, on the 
average, required no longer than 10 to 15 
minutes. Pu 

In several patients later proven to have 
benign peptic ulcers, venous blood from the 
arm was withdrawn, counted, and then 
injected into the stomach to test the effect 
on the count rate of radioactive blood in 
the lumen. À second count rate was then 
determined and compared with the f 








re made in the area in ques 


จ 








first. 


RESULTS 


Ko 


With a dose of 400 uc of P?, the average 
count rate of normal gastric mucosa at 15 
to 24 hours was 100 o/minute. 

The results of the differential counts in 

3 patients are summarized in (Table 1). In 
2 benign lesions including peptic ulcer 
and miscellaneous conditions, the differen- 
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tial count ratios ranged from 1:1 to 1.24:1. 
Two cases of histologically proven. benign 
peptic ulcers showed differential ratios of 
1.211 and 1.25:1, respectively; in the re- 
mainder the ratio was 1:1. 

In patients with cancer of the stomach, 
the ratios ranged from 1.5:1 to 3.011 m 
a median of 1.8:1 

One false positive and one false negative 
were encountered. 

The patients with benign ulcer in whom 
20 cc. of venous blood was injected into the 
stomach showed no alteration in the count 
tate. 


ILLUSTRATIVE CASES 


Case t, Fig. 7, 7-C. An So vear old white male 
with symptoms of easy satiety and immediate 
postprandial epigastric pain for 6 months was 
thought to have an ulcerating carcinoma, roent- 
genologically. Free acid was present in the 
stomach and exfoliative cytology revealed no 

malignant cells. P* uptake ratio of 1.711 con- 
firmed the impression of carcinoma. Pathologic 
diagnosis: polypoid adenocarcinoma, ulcerat- 


ing. 


Case i1. Fig. 8, 4-C. An 81 year old white 
female was examined because of massive gastro- 
intestinal bleeding requiring two units of blood. 
A polypoid mass with central ulcer ‘ation, tvpical 
of carcinoma, was present on the greater curva- 
ture of the antrum. In addition, a 2 em. sessile 
polypoid lesion was demonstrated at the inci- 
sura angularis. Both lesions had differential 
uptake ratios of 1.6:1 and 1.8: 1, respectively. 
Histologically, the greater curvature lesion was 
an ulcer ก ก adenocarcinoma; the polypoid 
lesion was a noninfiltrating adenocarcinoma, 
Grade 1. This case usc a the possibility of 
distinguishing a benign from a malignant small 
polypoid lesion. 


Fic. 7. Case 1. G7) Large flat ulceration in distal 
antrum surrounded by polypoid filling defect 
suggesting ulceration within mass. Differential 
uptake 1.7:1 confirmed impression of carcinoma. 
(B) Photograph of resected specimen showing 
polypoid adenocarcinoma with central ulceration. 
(C) Autoradiograph of specimen. Heavy concen- 
tration of radioactivity in non-ulcerated portion of 
tumor, Note submucosal metastases represented 
by small black areas to right of main tumor. 





Fic. 8. Case iL 





lcerating mass along greater curvature is typical 


) Spot roentgenograms of antrum. 











i 

of carcinoma. Sessile polypoid lesion. at incisura 
angularis. (B) Spot roentgenogram of the antrum 
and (C) of the detector against the greater curva- 
ture lesion. The detector was also plac 
the polypoid lesion. Ratios of 1.6:1 and LRI 
respectively, were obtained. Histoiogy of ulcerat- 
ing lesion: adenocarcinoma, ulcerating and in- 
Altrating; that of polypoid also adeno- 


'arcinoma, noninfiltrating, 
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lic. 9. Case ii. C7 and. B) A large mass with multiple areas of ulceration js present on the posterior wall at 











the level of the cardioesophageal junction. With the fundus distended (B), the upper border is smooth, 
Clinical diagnosis: carcinoma of the stomach. 





Fic. 9. (C) Left posterior oblique and (D) right posterior oblique supine spot roentgenograms. Roent- 


genologic diagnosis: probable ulcerating intramural tumor, possibly polypoid carcinoma. 
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Case ni. Fig. 9, J-F. A 68 year old Negro 
male had complained of an increasingly. poor 
appetite and a heavy sensation in the epigas- 
trium aggravated by eating for 3 months’ dura- 
tion. He was examined because of a recent 
episode of hematemesis requiring three units of 
blood. Free acid was present. No malignant cells 
were found in gastric washings. Clinical diag- 
nosis: carcinoma of stomach. The roentgeno- 
logic findings suggested an ulcerating intra- 
mural tumor but were not sufficiently charac- 
teristic to exclude carcinoma. Multiple determi- 

nations, which revealed no increase in phos- 
phorus uptake over the lesion as compared to 
the normal antrum, suggested that the lesion 
was not carcinoma. A total gastrectomy was 
performed because at operation the lesion was 
thought to be carcinoma. Pathologic diagnosis: 
ulcerating leiomyoma. 


Case iv. Fig. 10, Æ and B. A 53 year old 
white female had complaints of epigastric “ach- 
ing” unrelieved by food or antacids, episodic 
vomiting, poor appetite and a 1 ๐ pound weight 
loss during the previous 6 months. On roent- 
genologic examination, a flattened, aperistaltic 
segment along the lesser curvature of the media 
was believed to represent infiltrating carci- 
noma. The differential P? uptake in this area 
was 1.8t1. The lesion was confirmed at opera- 
tion, but liver, lymph node and omental metas- 
tases were present. This case demonstrates that 
increased phosphorus uptake can be detected in 
an infiltrating, scirrhous carcinoma. 


Case v. Fig. 11, 4-E. A jo vear old white 
male with a history of duodenal ulcer 2 25 years 
previously, dev eloped constant epigastric pain 
only partially relieved by food, progre essi ve loss 
of appetite, and easy satiety during the previ- 
ous 2 months. He had lost 5 pounds in weight. 
The clinical and roentgenologic diagnosis was 
carcinoma of the stomach. Differential P? up- 
take at the margin of the ulcer was 1.25:1 sug- 
gesting that the ulcer was probably benign. 
Subtotal gastrectomy was performed. Patho- 
logic diagnosis: peptic ulcer, exhibiting consid- 
erable inflammatory cell infiltration at the 
margins of the ulcer. In this case, as in one other 
benign ulcer, the shght increase in uptake was 
related to the surrounding inflam- 

jatory reaction, but was not in the range found 
in neoplasm. 


Case vi. Fig. 12, 4 and B. A jo year old 
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Fic. g. (CE) Left posterior oblique erect spot roent- 
genogram. The tumor is clearly outlined protrud- 
ing into the air-distended stomach with the de- 
tector against it. No increase in uptake over lesion. 
(F) Photograph of resected stomach which at 
surgery was thought to be a carcinoma. The lesion 
originates in the wail. The mucosa over the surface 
is ulcerated. Histologic diagnosis: leiomyoma. 


white male with severe e emphysema complained 
of epigastric pain bas een meals and occasional 
vomiting for a period of months. Occult blood 
was present in the stool. Free acid was present 
in the stomach. Gastric exfoliative cytology was 
unsatisfactory. Gastroscopy was deemed inad- 
visable because of kyphosis. Roentgenologic 
diagnosis: large "indeterminate" ulcer. The P* 
uptake ratio at the margin of the ulcer was 
1.75:1 indicating neoplasm. At operation, an 
unresectable carcinoma was found with omental 
and lymph node metastases. 


DISCUSSION 


The results in this limited number of 
cases suggest that if the lesion can be ac- 
curately counted, there is excellent correla- 
tion with the uptake of the lesion and its 
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Fic. 10. Case 1v. (4 and B) Flattened aperistaltic area on verti 
ulceration or mass. Differential uptake of this are 
ing neoplasm of stomach metastatic to liver, 





segment of lesser curve of media. No 
pared to normal fundus, 1.8 11. Operation: in fl 
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) A large shallow ulcer is pre er curvature in the prepvloric 
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to represent carcinoma. The duodenal bulb is deformed. 
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histologic nature. Benign lesions showed 
little or no increased radioactive uptake. 
Of the 2 cases of peptic ulcer with differen- 
tial ratios of i.2:1 and 1.2§:1, both 
demonstrated considerable inflammatory 
changes histologically. Presumably, the in- 
creased cellular activity in inflammatory 
tissue accounted for the slightly increased 
uptake in these 2 cases. In all patients with 
carcinoma of the stomach, the differential 
ratio was at least 1.5 to 1 or greater. The 
variability in counting rate is probably a 
reflection of such factors as the degree ot 
tumor differentiation, and the presence of 
areas of necrosis and fibrosis. 

The one false positive occurred in an 
elderly male with vague epigastric distress 
immediately after eating. A narrowed 








Fic, tt. £C) Autoradiograph of resected specimen. 
There is a slight increase in radioactivity around 
the margin of the ulcer. The differential uptake was 
y2671. (D) Photograph of gross specimen. 


Lesions of the Stomach 





Fic. 11. CE). Microscopic section through edge of 
benign ulcer and normal mucosa (go X). Note the 
heavy inflammatory cell infiltration. 


antrum which never fully dilated was 
noted along with a persistently enlarged 
rugal fold along the greater curvature. In 
this patient the count rate in the antrum 
as compared to the fundus was 2.0:1, which 
was thought to indicate the presence of a 
carcinoma. At surgery, with the stomach 
opened, the antrum was pliable and soft 
although an enlarged rugal fold was noted. 
A full thickness biopsy of the stomach at 
this point revealed normal gastric mucosa 
histologically, but with dilated lymph 
channels in the submucosa. Whether the 
accumulation of radioactive phosphorus in 
the areas of lymph stasis was sufficient to 
account for the increased uptake is un- 
certain, 

The one false negative occurred in a 
patient with a small penetrating gastric 
ulcer high on the posterior wall of the 
lesser curvature which proved histologically 
to be a carcinomatous ulcer. The lesion was 
in an area difficult to reach with the detec- 
tor, and at the time of the examination it 
was not certain that the lesion had been 
counted. Usually, the detector could be 
placed against the lesion during fluoros- 
copy. No difficulty was encountered in 
positioning the probe against lesions located 
in the antrum, fundus, or on the anterior 
or posterior wall of the media along the 
greater curvature. In this patient, and two 
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Vic. 12. Case vr. (4) A large penetrating ulcer on the anterior wall ina patient with advanced emphysema is 
best seen in the right posterior oblique view. (B) Spot roentgenogram shows apparently normal, though 
enlarged, folds up to the edge of the ulcer. Roentgenologic diagnosis: “indeterminate” ulcer. Differential 
uptake of 1.75: 1 indicated malignancy, Inoperable carcinoma was found with omental metastases, 


others with ulcers located on the posterior 
wall of the lesser curvature between the 
incisura angularis and the cardioesophageal 


DG 


junction, considerable difficulty was ex. 
perienced in approximating the detector to 


gastric lesions, each method has well recog- 
nized limitations. There remain many prob- 
lems which neither method can satisfac- 
torily resolve. The technique described 
here, supplementing conventional barium 
studies and gastroscopy, is safe, and easily 
and rapidly performed. Although the con- 
clusions drawn must be considered pre- 
liminary, the results to date are promising 
and suggest that reliable information can 
be obtained by this simple approach which 
can be an extremely valuable adjunct in 
the clinical management of a patient with 
a gastric lesion. 


D. L. Otto, N. H. Horwitz, R. S. Kurtzman and Fota 


correctly diagnose a high percentage of 


Loistroth- Arkit 


SUMMARY 

I. Preoperative gastric scans and meas- 
urement of Nal! radioactivity in gastric 
secretions in 12 adenocarcinomas failed to 
reveal either selective uptake or a diagnos- 
tic pattern of secretion of the isotope. We 
conclude that this approach has no clinical 
value in the differential diagnosis of benign 
and malignant lesions of the stomach. 

2. The physical principles of the solid 
state detector are briefly discussed. 

3. A sate and easily performed method 
for detecting the selective uptake of radio- 
active phosphorus by gastric carcinoma us- 
ing the solid state detector is described. 
This simple technique can reliably diferen- 
tiate benign and malignant lesions of the 
stomach and can be a valuable adjunct to 
conventional roentgen studies and gastros- 
copy. 


Donald L. Otto, M.D. 
1145 Bedford Road 
Grosse Pointe, Michigan 


We gratefully acknowledge the assistance of 
the Veterans Administration Hospital, Dear- 
born, Michigan in making this work possible. 
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THE DIAGNOSIS OF HYPERTROPHIC 
PYLORIC STENOSIS 


By CHARLES E. SHOPENER, M.D.,* EDMOND H. KALMON, Jr., M.D.,* and C. G. COIN, M.D f 


OKLAHOMA CITY, OKLAHOMA 


๓ physicians feel that there is little 
difficulty in diagnosing hypertrophic 
pyloric stenosis, that roentgenologic exami- 
nation is not usually indicated, and that 
such examination may even be contraindi- 
cated.*?33 On the other hand, Malmberg!? 
states "examination for a palpable or non- 
palpable pyloric tumor is completely un- 
necessary, unreliable, time consuming for 
the physician and unpleasant for the pa- 
tient; whereas an x-ray examination gives 
the desired information rapidly, indisput- 
ably, and conveniently." Schaefer and 
Erbes!* believe that roentgen examination 
is too seldom used, and that it is the most 
important procedure in the diagnosis of 
pyloric stenosis. This opinion 1s shared by 
Hefke.? 

The true answer probably lies somewhere 
between these two views. The purpose of 
this paper is to present an analysis of cases 
from teaching and private hospitals where 
there has been no set policy pertaining to 
diagnosis and management of this disease. 


MATERIAL 


A total of 217 patients with hypertrophic 
pyloric stenosis has been studied. These 
cases were obtained from one university 
and three private hospitals. We were inter- 
ested in (a) the presence or absence of a 
palpable tumor, (b) false positive tumors, 
(c) observation of gastric peristaltic waves, 
and (d) the adequacy of the roentgenologic 
examination. 


PYLORIC TUMOR 


The unequivocal presence of a palpable 
pyloric tumor was found in 43 per cent of 
all cases. Where there was disagreement 


* Wesley Hospital, Oklahoma City, Oklahoma. 
t St. Anthony’s Hospital, Oklahoma City, Oklahoma. 


TABLE I 


FINDINGS BY PALPATION 


se 





No. of Per 

Cases Cent 
Pyloric tumor palpable 93 43 
Pyloric tumor not palpable 72 33 
Tumor equivocal 52 24 


between observers, the case was listed as 
equivocal (Table 1). If all equivocal cases 
are counted as positive, this would bring 
the number of palpable pyloric tumors to 
145, or 67 per cent. Thirty-three per cent 
had no palpable tumor; of this group 15 per 
cent did not have roentgenologic examina- 
tion. 

A striking difference in the number of 
palpable pyloric tumors was found by com- 
paring the group that did with the one that 
did not have roentgen examination (Table 
II). No significant difference was found in 
the percentage of palpable tumors between 
the university and the three private hospi- 


TABLE II 


COMPARISON OF INCIDENCE OF PALPABLE PYLORIC 
TUMOR OF PATIENTS WITH AND WITHOUT ROENTGEN 


EXAMINATIONS 
"ด No. with No. with 
Papable Non- Equivo- 
Tomor palpable cal 
' umor Tumor 
cent) (per (per 
cent) cent) 
Patients with roentgen 
examination 24 54 25 
Patients without roent- 
gen examination $2 23 25 
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tal patients, being 47 per cent and 45 per 
cent, respectively. 

A valid comparison of the number of 
tumors found by palpation between the 
surgeon and pediatrician could not be made 
in most instances because the diagnosis had 
already been established by the time of 
surgical consultation. However, in 57 cases 
a comparison could be made, and there was 
no significant difference. 

The discrepancy in the percentage of 
tumors found by palpation as reported in 
the literature 1s shown in Table 111. 


FALSE POSITIVE TUMORS 


Those cases suspected of having pyloric 
stenosis and a palpable tumor but with no 
roentgenologic or surgical evidence of the 
disease were called false positive. A total of 
21 such patients was found in our material. 
This in no way reflects the true incidence 
since there was no coding used. Eleven of 
the 21 patients were operated upon and 


none had pyloric stenosis. Table 1v is a sum- - 


mary of the surgical findings in these cases. 
The 5 patients with normal findings did not 
have roentgenologic examination. The 
other 6 patients were examined by roentgen 
rays and the pathology was demonstrated. 
The remaining Io patients had gastrointes- 
tinal series which showed normal findings 


Tase IH 


INCIDENCE OF PALPABLE PYLORIC TUMOR AS 
REPORTED IN THE LITERATURE 


paaa 


No. with 
"5 pio of | Palpable 
ases Tumor 

(per cent) 
Grimes ef gl." 119 68 
Rheinlander and Swenson" 1 ๐ ๐ 9 ๐ 
Rinvik!* 137 72 
Savage! 61 8 ๐ 
Craig? 98 
Miller and Friesen” 80 80 
Gross? 95 
Pollock e£ al” 312 95 
Brown? 44 
Schaefer and Erbes!? 63 
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TABLE IV 
SURGICAL FINDINGS IN FALSE POSITIVE PYLORIC 
TUMORS 
No. of 
Cases 


Malrotation with duodenal bands 
Duplication cyst of stomach 
Ectopic pancreas of stomach 
Normal 


Ua eM os ๑ ซ้ อ 


except for 3 cases with duodenal bands and 
malrotation. 

Craig? feels that false positive tumors are 
more than just human error. He reported a 
series of 21 patients with vomiting of 48 
hours' duration and a control group of 115 
healthy infants with no vomiting. A tumor 
was palpated in 17 of the 21 symptomatic 
cases. Management limited to gastric lav- 
age resulted in complete disappearance of 
symptoms in 14 of these 17 cases within 7 to 
14 days. The remaining 3 were operated 
upon and "doubts were felt concerning the 
exact significance of the tumors." In the 
group of 115 asymptomatic newborn in- 
fants, a tumor was palpable in 25 (22 per 
cent). 

The etiology of these false positive tu- 
mors is not known. Some are due to human 
error, some to palpation of other anatomic 
structures, and the remaining may be ac- 
counted for on the basis of pylorospasm, as 
suggested by Astley. 


PERISTALTIC WAVES 


The observation of gastric peristaltic 
waves passing across the upper abdomen is 
a classic physical finding in pyloric stenosis. 
The incidence of this observation in the 217 
cases is shown in Table v. 

False positive peristaltic waves occurred 
in 17 of the 21 cases with false positive 
pyloric tumors. In Craig's? study peristaltic 
waves were present in all of the sympto- 
matic infants with false positive pyloric 
tumors. Of the 114 asymptomatic infants, 
peristaltic waves were present in $5 or 48 
per cent. 
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INCIDENCE OF PERISTALTIC WAVES OBSERV ED ON 
PHYSICAL EXAMINATION IN 2] 7 CASES 


No, of ก x 
Per Cent 


Cases 
Pe SEa | PIX AP E TR t Gap | ร 
"eristaltic waves observe 1 ๐ ๐ 47 
Peristaltic waves absent yo 4 1 
Peristaltic waves equivocal He 12 
Total $i 100 


EXAMINATION 


Thirty-one of the 217 patients had scout 
roentgenograms of the abdomen. Seventy 
patients had gastrointestinal series with 
opaque material. 

The scout roentgenograms were an alyzed 
from the standpoint of (a) gastric dilatation 
and (b) absent gas pattern beyond the 
stomach. Gastric dilatation was present in 
7 of 31 patients. The absent gas pattern was 
observed in only 4 patients, all of whom 
showed dehydration, supporting Feinberg 
and co-workers’ belief that the def ciency of 
bowel gas is largely due to dehydraticn and 
not pyloric obstruction.) A normal gas 
pattern was seen in 23 other patients who 
also had significant dehydration. 

Of the 7o infants who had studies with 
opaque material, barium was used in 63 
cases, lipiodol in 4, and aqueous opaque 
media in 3. The results are shown in Table 
VI. 

True gastric dilatation is uncommon in 
pyloric stenosis, probably much less than 
the 19 per cent recorded in Table vi. This 


ไอ บะ VI 





Gastric Dilatation 13 To 
Esophageal Reflux 48 fq 
Beak Sign 34 40 
String Sign sg 84 
Tit Sign 62 86 
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may be due to the fact that the obstruction 
is relatively acute. Gastric distention was 
common in infants with pyloric stenosis, 
but disappeared after "burping" as it does 
in normal infants. 

The presence of esophageal reflux and a 
pyloric “beak” are directly related to the 
diligence of search. Reflux was observed 


1957-1962, as compared to the 1952-1957 
period. The "beak" should be seen in all 
cases since it merelv represents barium in 
the proximal portion of the stenosis ( lig. 1). 

The "string" sign as first described by 
Meuwissen and Sloof" actually represents 
barium in the narrowed lumen, surrounded 
by tumor. It is the most reliable sign of 
pyloric stenosis, being seen in no other 
condition (Fig. 2). 

The pyloric "tit" is a newly described 
finding in pyloric stenosis.!? It is thought to 
be due to a persisting peristaltic wave 
which cannot pass downwards because of 
the pyloric tumor (Fig. 3). 





Fic. 1. The pyloric “beak” is indicated by the lower 
arrow and the pyloric "tit" by the upper one. The 
“beak” is formed by barium entering the proximal 

Li E E 
portion of the narrow pyloric canal. 
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The roentgen examination was consid- 
ered satisfactory if ล pyloric "string" was 
demonstrated. There were 11 unsatisfac- 
tory examinations. Of these 11 patients, 
only 1 had a palpable pyloric tumor, and 3 
had equivocal palpable tumors. Four of 
these unsatisfactory examinations were 
performed with lipiodol, 3 with aqueous 
opaque medium and 3 with barium. 

There were no false negative or false 
positive examinations. In 1 patient an 
upper gastrointestinal series 1 week prior to 
transfer to the University Hospital was 
reported as showing an anomaly, but no 
pyloric stenosis. 

The only complication of roentgen ex- 
amination was aspiration of the opaque 
medium in 5 patients. Three of these were 
examined with lipiodol, 1 with barium, and 
1 with an aqueous opaque medium. In our 
experience barium sulfate remains the 
superior medium, yielding a significantly 
higher percentage of satisfactory studies. 
We find that the incidence of aspiration 1s 
low when the examination is properly done. 





Fic. 2. The "string" sign is shown by the lower ar- 
row, At the left of the "string" is the duodenal 
bulb showing the mushroom impression of the 
pyloric tumor in its base. Proximal to the "string" 
sign is the pyloric "tit" (upper arrow). 
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Fic: 3: 
antral wall that is squeezed against the pyloric 
tumor by a peristaltic wave. It is the first indica- 
tion of pyloric obstruction seen อ ท fluoroscopic 
examination. 


The pyloric “tit” (arrow) is a segment of the 


Barium aspiration is no worse than aspira- 
tion of any other opaque agent according to 
Dunbar e£ al? 


DISCUSSION 


The finding of an unequivocally palpable 
tumor in this group of 217 patients with 
pyloric stenosis was low. The 43 per cent 
incidence is thought to be representative of 
the general situation as the patients in- 
cluded were seen bv numerous physicians 
with different methods of examination and 
no set policies as to diagnosis and manage- 
ment. Undoubtedly, palpable pyloric tu- 
mors would be found more often if the 
patients were examined in hospitals with a 
“no palpable tumor--no surgery” policy. 
Contrariwise, the incidence of the pyloric 
tumors would be even lower than noted 
above if a policy of “roentgenologic exami- 
nation in all cases irrespective of the pres- 
ence of a tumor" would be followed. The 
fact remains that a palpable pyloric tumor 
was not a reliable sign in the diagnosis of 
pvloric stenosis, particularly when the false 
positives are considered. 

Roentgenologic studies in this group of 


8 ๐ ๐ 


patients were likewise not without failure; 
however, a diagnostic accuracy of 84 per 
cent was obtained, and there is good evi- 
dence to indicate that this will be improved. 
For example, of the 11 unsatisfactory ex- 
aminations, 8 were performed prior to 1957, 
and the remaining 3 were done using an 
aqueous opaque medium. Also, the im- 
proved accuracy of the roentgen examina- 
tions is reflected in the fact that prior to 
1957 only 20 per cent of the patients had 
roentgenographic studies, whereas 7 ๐ per 
cent had such examinations since 1957. We 
found no evidence to support the view that 
the roentgenologic examination is harmful 
or interferes with the management of the 
patient. 


CONCLUSIONS 
I. The palpation of a pyloric tumor was 


found to be an unreliable sign in the diag-. 


nosis of pyloric stenosis in a significant 
serles representing good pediatric and sur- 
gical practice. 

2. The roentgenologic examination is 
accurate, reliable, and has a low incidence 
of complications when properly done. 


Charles E. Shopfner, M.D. 

Children's Memorial Hospital 
University of Oklahoma Medical Center 
8 ๐ ๐ N.E. 13th Street 

Oklahoma City 4, Oklahoma 
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By GEORGE. N. STEIN, M.D., RUSSELL D. MARTIN, M.D., ROBERT H. ROY, M.D., 
and ARTHUR K. FINKELSTEIN, M.D. 


PHILADELPHIA, PENNSY LVANIA 


UODENAL ulcer is a common lesion. 

According to Bockus,? 10 per cent of 
the male population in this country suffers 
from peptic ulcers, and 66 per cent to 75 per 
cent of these are in the duodenum. 5ince 
most of the patients with duodenal ulcer do 
not die or undergo surgery and since the 
history and physical examination may be 
suggestive of peptic ulcer but the symptoms 
might actually be due to some other cause, 
the radiologist must be relied upon for the 
accurate clinical diagnosis of the majority 
of duodenal ulcers. With the advent of 
newer techniques (image intensification 
fluoroscopy and cinefluorography), one can- 
not help but wonder as to the future of 
older methods for the detection of duodenal 
ulcer by currently conventional fluoroscopy 
and roentgenographic study. With this in 
mind, it was considered desirable to evalu- 
ate our methods for the detection of duo- 
denal ulcer craters and to determine which 
parts of the examination were most fruitful 
and which were the least accurate. 

The standard textbooks? 1?19!57 in 
diagnostic roentgenology emphasize fluor- 
oscopy and compression spot roentgenog- 
raphy of the duodenal bulb in the erect 
right anterior oblique position and the left 
anterior (reverse) oblique position. The 
routine use of multiple Bucky exposures of 
the duodenal bulb in the prone right ante- 
rior oblique position with compression has 
not been emphasized. Supine, right side 
elevated, barium-air contrast spot roent- 
genography has not been employed except 
by Hampton, Hinkel and Moller,’ and 
Chucker and Finestone,! who urge the 


routine use of the supine barium-gas* con- 
trast study of the duodenal bulb. 

Mever? compared the use of the barium- 
air contrast spot roentgenograms with erect 
compression roentgenograms in consecutive 
patients and found the crater demonstrated 
only by the barium-air contrast spot roent- 
venograms in 8 per cent of 176 instances. 
Hinkel and Moller? evaluated ṣo consecu- 
tive patients in whom a crater was demon- 
strated and found that the crater was visu- 
alized only on the "compression" (position 
of patient not specified) roentgenograms in 
5 per cent, only on barium-gas contrast spot 
roentgenograms in 10 per cent, and on both, 
the compression roentgenograms and bar- 
jum-gas spot roentgenograms in 85 per 
cent. 


METHOD 


In order to assess the value of the various 
projections described for the demonstration 
of duodenal ulcer, and to compare the re- 
sults of fluoroscopic observations with 
conventional roentgenographic examina- 
tions, the following study was undertaken. 

One hundred and ten duodenal ulcer 
craters in 107 consecutive patients in which 
the roentgenographic study was considered 
adequate were reviewed by the authors. : (๐ 
case was included unless it was considered 
unequivocallv diagnostic of an ulcer crater 
by all of the reviewers. Each examination 
consisted of a careful fluoroscopic study of 
the stomach and duodenum in the erect, 

* Chucker and Finestone and Hinkel and Moller utilized carbon 


dioxide gas from carbonated beverages or other means to distend 
the barium-coated bulb rather than depending on swallowed air, 
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no 
deform. 





m o d. 
deform. 


deformity 


demonstrated on 
roentgenograms of 4 different patients. Upper left: 
normal. Upper right: minimal deformity. Lower 
lft: moderate deformity. Lower right: marked 
deformity. 


Fic. 1. Criteria of 


supine and prone positions as well as a 
fluoroscopically controlled routine but de- 
tailed roentgenographic study. The roent- 
genographic part consisted of the following: 
(1) erect spot roentgenograms of the bulb 
(4 exposures on one 8X10 inch film) with 
compression in the right anterior oblique 
position, (2) a supine air-contrast spot 
roentgenogram (4 exposures on one 8X Io 
inch film) with the right side elevated, (3) a 
prone oblique serialogram (4 Bucky expo- 
sures on one 10X12 inch film) with the left 
side elevated, and (4) a prone oblique seri- 
alogram with compression. Compression in 
the prone oblique position was accom- 
plished by means of a pneumatic paddle!” 
permitting varying degrees of pressure. In 
each position the bulb was rotated into the 
longest profile possible, in an attempt to 
free 1t from the superimposed shadow of the 
stomach or duodenal loop. Compression of 
the bulb was varied in the erect and prone 
positions until its mucosal pattern was 
demonstrated. When necessary, several sets 
of roentgenograms were made in an effort 
to demonstrate the mucosal pattern of the 
entire bulb adequately. 

The diagnosis of a crater was made when 
à constant, unchanging collection or pro- 
jection of barium was seen on all 4 roent- 
genograms made in the position being eval- 
uated. Each position was evaluated as to 
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whether the crater was demonstrated 
unequivocally, whether there was an equi- 
vocal demonstration, or whether the crater 
was not shown at all. An equivocal rating 
was given when the reviewers did not think 
a collection or projection of barium was 
noted with sufficient clarity or constancy 
on the 4 roentgenograms of a given position 
to permit the diagnosis of a crater. 

In addition, deformity of the bulb was 


recorded. 

The location and average diameter of 
each crater was recorded and the size of the 
crater was correlated with fluoroscopic 
detection. It is of interest to note that p 
per cent of the ulcers were located in the 
proximal third of the cap (Fig. 2), indicat- 
ing the need for adequate visualization of 
the base of the bulb by compression and 
air-contrast, 

Some radiologists omit the supine air- 
contrast spot and prone compression roent- 
genograms and evaluate the duodenum 
only as visualized on large roentgenograms 
exposed primarily for the stomach in vari- 
ous positions by the technician without 





ulcer 


distribution of 
craters in the bulb and postbulbar region as found 
in an analysis of 110 instances among 107 patients. 


Fic. 2. Diagram showing 
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Fic. 3. Four different views of the duodenal bulb of the same patient. (47) Set of erect spot roentgenograms 
(4 on one 3X 1o inch film), (B) prone serialograms without compression (4 on one 10X12 inch film), and 
(C) prone serialograms with compression. No crater is seen on any of these roentgenograms. (D) Set of 
supine air-contrast spot roentgenograms demonstrating ulcer crater. 


benefit of fluoroscopic control to secure 
optimum positioning. Therefore, as part of 
this study we evaluated the accuracy of 
the diagnosis of duodenal ulcer from our 
routine roentgenograms of the stomach. 
These include 10X12 inch films of the 
stomach and duodenum exposed by the 
fluoroscopist for each patient in the erect 
right anterior oblique, supine right side 
elevated, and prone oblique left side ele- 
vated projections. In this study, the films 
exposed primarily for the stomach were 
considered positive tor duodenal ulcer if a 
crater was either equivocally or unequivo- 


cally demonstrated. A crater was consid- 
ered equivocally demonstrated if it was 
sufficiently definite to alert a reviewer to 
secure a more detailed examination of the 
bulb. 
RESULTS 

The supine barium-air contrast spot 
roentgenograms of the bulb proved to be 
the most valuable, demonstrating 75 per 
cent of the craters. Twenty-four and one- 
half per cent of the craters could be diag- 
nosed only in these exposures (Tables 1 and 
11; Fig. 3, 4-D). Since the supine position is 
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Tage Í 


DEMONSTRATION OF TIO DUODENAL CRATERS IN 
VARIOUS POSITIONS 


Position | Not Seen Equivocal Diagnostic 
Supine Air | 
Contrast | t5 (14% 1 PN 8307595) 


Prone Oblique | 
Compression | 


Erect 


Prone Oblique, | 


NoCompression| ! bt (£66 A) 15 (1456) | 34 (30%) 


17.36% of craters were พ ed เท all positions. 


optimal for demonstrating posterior wall 
craters, the above findings are in. accord 
with autopsy statistics which show a pre- 
ponderance of posterior wall craters (59.4 
per cent,'® and 61.9 per cent!!). 

Prone oblique serialography with com- 
pression proved to be the next most effi- 
cient technique, demonstrating 63 per cent 
of the craters and was the onlv diagnostic 
method in 12.5 per cent (Fig. 4). 

The erect right anterior oblique position 
was of value in demonstrating 42 Der cent 
of the craters and was the only diagnostic 
projection for demonstrating 2 craters (1.8 
per cent) (Fig. 5). 

The prone oblique serialograms without 
compression were diagnostic เท 30 per cent 
of the cases but did not demonstrate any 
crater that was not demonstrated in the 
prone oblique serialogram with compres- 
sion. Although these studies were the least 


Taste II 


DUODENAL CRATERS DEMONSTRATED IN ONE 
POSITION ONLY 








Position | No. of Per Cent of 
Ei | Craters tio Craters 
Supine Air Contrast Lr Be C Baus 
Prone Oblique Compression | — 14. | 12.5 
Prone Oblique, No Compres- | | 
sion | ON 4 ว 
| 
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Fic, 4. One roentgenogram from each set of expo- 
sures made of same patient in various positions; 
crater (arrow) demonstrated only in prone serialo- 
gram with compression. 


valuable for demonstrating craters, thev 
were the most important for evaluation of 
deformity and evidence of extrinsic pres- 
sare on the bulb or proximal duodenal loop. 

The erect left anterior (reverse) oblique 
roentgenograms did not, in this series, dem- 
onstrate anv craters which were not demon- 
strated, at least equivocally, in some other 
projection. Nevertheless, in our larger 
experience, we think that it is a useful pro- 
jection since occasionally it has permitted a 
definite diagnosis of ulcer crater which 
could not have been made with certainty in 





Fic, g. One roentgenogram from each set of expo- 
sures made of same patient in various positions; 
crater (arrow) demonstrated only in erect posi- 
tion, 
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any other projection. Roentgenograms in 
this projection are not routine 1n our de- 
partment and often cannot be obtained 
because of the habitus of the patient. Re- 
verse oblique roentgenograms are usually 
made only when the cap cannot be visua- 
lized in its entirety without being obscured 
by the superimposed gastric antrum or 
duodenal loop. These roentgenograms were 
avallable in only 23 instances and demon- 
strated 14 (60 per cent) craters. 

Forty-one per cent of the craters were 
seen both in the prone oblique serialogram 
with compression and in the supine barium- 
air contrast spot roentgenograms. 

Deformity was absent in 13.6 per cent of 
107 cases, and was minimal in 37.3 per cent 
(Table 111). The importance of a careful 
study of the undeformed bulb as well as the 
deformed bulb is obvious. Templeton? 
found no deformity in 18.4 per cent of 283 
cases in which a crater was demonstrated. 

The so-called secondary signs of duo- 
denal ulcer were quite unreliable, irritabil- 
ity having been noted in only 8 instances 
(7.3 per cent) and tenderness was present in 
6 patients (5.5 per cent) in this series. 

Although much emphasis has been placed 
on fluoroscopy by many radiologists, its 
reliability in this study was poor. Fifty- 
seven (52 per cent) of IIO craters were 
visualized by the fluoroscopist. The most 
experienced radiologists, each of whom has 
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Fia. 6. Relationship of fluoroscopic detection to 
crater size. 
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"TABLE III 


DEFORMITY OF DUODENUM ASSOCIATED WITH 
IIO ULCER CRATERS 


Deformity 


None 
Minimal 
Moderate 
Marked 





had more than 1 ๐ years’ experience, were 
able to detect less than 70 per cent of the 
craters (Table 1v). As might be expected, 
less experienced fluoroscopists : detected 
fewer craters. 

The average diameter of the craters is 
shown in relation to detection at fluoros- 
copy in Figure 6. Approximately two-thirds 
of the craters less than 6 mm. in diameter 
were not diagnosed at fluoroscopy. The 
location of the craters is given in Figure 2, 
and corresponds fairly well with reports by 
others.!^:!5 

Fifty-nine per cent of the craters were 
undetected either on the erect, supine or 
prone oblique roentgenograms made pri- 
marily for the stomach but which also 
included the bulb. 


DISCUSSION 


The roentgen diagnosis of duodenal ulcer 
depends on the demonstration of the ulcer 
crater. For many years the 4 positions 
described in this paper have been used in 
our department in the routine examination 
of the duodenum, yet no one, to our knowl- 
edge, has attempted to assess the relative 
value of these positions for the demonstra- 
tion of ulcer craters. 


TABLE IV 
FLUOROSCOPIC ACCURACY IN IIO DUODENAL CRATERS 







Fluoroscopist 


Residents 


Staff 61 
Senior Staf #1 68 
Senior Staff #2 69 
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If reliance is placed solely on fluoroscopic 
observations, our results indicate that 
almost one-third of the demonstrable cra- 
ters would not be diagnosed by experienced 
fluoroscopists and that more than half the 
ulcers would be missed by less experienced 
observers. These observations confirm the 
opinion of others regarding the inadequacy 
of conventional fluoroscopy. 

Almost 60 per cent of the ulcer craters 
were not demonstrated on the ordinary 
roentgenograms of the stomach and duo- 
denum made in the erect, prone oblique and 
supine oblique positions. 

If one limits the roentgenographic study 
of the cap to erect spot roentgenograms, 
our experience indicates that only 42 per 
cent of the demonstrable craters will be 
identified, and of these, less than 2 per cent 
will not be adequately demonstrated in an- 
other projection. 

Similarly, multiple prone roentgeno- 
grams of the cap without compression will 
only show 30 per cent of ulcer craters and 
will not show any crater that cannot be 
seen in some other position. 

The most valuable position 1s the supine 
oblique air contrast spot exposure. In this 
position, 75 per cent of all the craters were 
demonstrated; about one-fourth of all the 
ulcers could be identified only in this posi- 
tion. The prone oblique roentgenograms of 
the duodenum made with compression on 
the cap were adequate for showing 63 per 
cent of the ulcers; about 12 per cent were 
seen only in this position. More than 98 per 
cent of the craters in this series were dem- 
onstrated by exposures in these two posi- 
tions. 

From these observations, one can con- 
clude that no examination for peptic ulcer 
of the duodenum 1s complete without expo- 
sures of the cap made in the supine position 
with air-contrast and in the prone oblique 
position with compression that is adequate 
to reveal the mucosal pattern. 


SUMMARY 
I. The only reliable roentgen sign of 
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duodenal ulcer is demonstration of the ulcer 
crater. 

2. Comprehensive study of the duo- 
denal bulb for an ulcer crater should con- 
sist of a fluoroscopically controlled detailed 
roentgenographic study that includes mul- 
tiple exposures in the prone oblique posi- 
tion with adequate compression and in the 
supine oblique barium-air contrast pro- 
jection. 

3. The secondary signs of activity (irri- 
tability and tenderness) were present in 
only approximately 6 to 8 per cent of 107 
cases in which the crater was demonstrated. 

4. Deformity of the bulb in the presence 
of an ulcer crater was minimal or absent in 
5 ๐ per cent of the cases. 

5. Fluoroscopy was unreliable in the 
diagnosis of duodenal ulcers; the most 
experienced fluoroscopist detected less than 
70 per cent of the craters. The over-all 
accuracy of fluoroscopic detection was 52 
per cent. 


George N. Stein, M.D. 
Radiology Department 

The Graduate Hospital 

19th & Lombard Streets 
Philadelphia 46, Pennsylvania 
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PLAIN ROENTGENOGRAPHIC FINDINGS IN DRUG 
INDUCED INTRAMURAL HEMATOMA OF 
THE SMALL BOWEL 


By A. D. SEARS, M.D., JOE HAWKINS, M.D., B. B. KILGORE, M.D., and J. E. MILLER, M.D. 


DALLAS, TEXAS 


AN ALERT radiologist can diagnose or at 
least suspect an intramural hematoma 
of the small bowel on routine abdominal 
roentgenograms, especially if he is aware 
that the patient is receiving anticoagulant 
drugs. This is particularly true for lesions of 
the jejunum or ileum, there being fewer 
confusing gas shadows to obscure the pa- 
thology. 

The purpose of the authors ts to present 4 
cases of intramural hematoma of the small 
bowel secondary to anticoagulant therapy. 
In 3 of these, the diagnosis was made prior 
to contrast studies. A diagnosis of mesen- 
teric vascular occlusion advanced in the 
fourth case would have been tempered had 
it been known that the patient was receiv- 
ing coumadin. 


REVIEW OF THE LITERATURE 


Intramural hematoma of the small bowel 
has been diagnosed frequently in recent 
years following the emphasis given this 
entity by Felson and Levin? in 1954. Most 
cases reported to date were of traumatic 
origin and involved the duodenum. Drug 
induced hematomas, on the other hand, 
tend to involve the jejunum or ileum. The 
value of barium studies in the preoperative 
diagnosis of hematomas secondary to anti- 
coagulant therapy was demonstrated by 
the reports of Culver ef al. Wiot et al." and 
Senturia ef al.’ in 1961. They reported 1, 2 
and 3 cases, respectively. We were able to 
find records of 6 other similar cases** in 
addition to the 4 described in this report. 
We have encountered another intramural 
hematoma of the jejunum in a hemophiliac. 
A volvulus was also present at surgery. In 
retrospect, the plain roentgenographic find- 
ings parallel those under discussion. The 
only cases of intramural hematoma diag- 


nosed on routine abdominal roentgeno- 
grams prior to barium studies were those 
reported by Silbert ef a/.6 We have verified 
their impressions in our cases and wish to 
emphasize the importance of the plain 
roentgenographic findings in the diagnosis 
of this disease. 


REPORT OF CASES 


Case 1 (Fig. 1, Æ and B). A 68 year old female 
was admitted to the Baylor University Medical 
Center on July 25, 1960 with a 3 day history of 
abdominal pain, dysuria and hematuria. One 
day prior to admission, the abdominal pain 
became generalized and dark vomitus was 
noted. Bowel movements were normal. Past 
history revealed a previous hospitalization on 
June 3, 1960 for removal of a renal cyst. While 
hospitalized, the patient developed a pulmo- 
nary embolus and was placed on dicumarol, 
alternating 50-100 mg. doses daily. A prothrom- 
bin determination Io days prior to admission 
was 20 per cent. Physical examination revealed 
a moderately dehydrated patient in pain. Posi- 
tive physical findings consisted of generalized 
abcominal distention, rebound tenderness and 
slight abdominal ngidity. Prothrombin time 
upon admission was less than $4 per cent, the 
hematocrit 37 per cent, dropping 3 days later to 
25 per cent. Abdominal roentgenograms upon 
admission were interpreted as “‘a possible closed 
loop obstruction." A barium enema study was 
normal. A small bowel series was reported as 
showing “distinctly abnormal loops of small 
bowel suggesting an intramural process, due 
either to edema or hemorrhage." Nausea and 
abdominal tenderness diminished over the next 
5 days. Nine days after admission, exploratory 
surgery revealed 500 cc. of old blood in the 
abdominal cavity. Two segments of lower jeju- 
num approximately 12 cm. in length were 
roughly 4 times the thickness of normal adja- 
cent bowel due to hemorrhage which had ex- 
tended subserosally into the root of the mesen- 
tery. The involved loops had good peristaltic 


808 


Voi. oh, Nü. 4 


FIG. L 


Drug Induced Intramural Hematoma 
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Case 1. G4) “Thick bowel sign" demonstrated by gas within a greatly narrowed bowel lumen. The 
typical irregular mucosal folds are seen. The pseudotumor resuits from the hemorrhagic bowel. The blur- 


ring of the left psoas border is due to bleeding into the root of the mesentery. (B) The abnormal loop is out- 
lined by barium. The mobility of the bowel does not appear impaired as in a pseudotumor due to an ob. 
structing band. There is little or no evidence of small bowel obstruction. 


activity and appeared viable, hence resection 
“ * 


was declined. The patient recovered rapidly and 
was discharged 17 days after admission. A 
follow-up small bowel series 2 months later was 


normal. 


Case (Fig. 2, 7 and B). A 58 year old male 
was admitted to the Bavlor University Medical 
Center on September 10, 1961 with a 5 day 
history of increasingly severe cramping, mid- 
abdominal pain and tenderness. Nausea, vomit- 
ing and anorexia presented 30 hours prior to 
admission. There was no history of melena or 
hematemesis. Pertinent past history revealed a 
previous hospital admission 3 months earlier for 
a myocardial infarction. He recovered and had 
been well until the present illness, being main- 
tained on coumadin, 5 mg/day. Physical ex- 
amination revealed tenderness in the right ab- 
domen without distention. The bowel sounds 
were described as "loud and frequent." No 
other pertinent physical findings were elicited. 
Levin tube drainage on the day of admission 
consisted of dark red blood. The prothrombin 
time on September 11, 1961 was 10 per cent, 


v 


the hematocrit 34 per cent. Urinalysis revealed 


numerous red blood cells. An upper gastro- 
intestinal series with gastrografin on the same 
dav was interpreted as "small bowel obstruc- 
tion." A barium study on September 12, 1961 
showed “typical findings of intramural hema- 
toma of the small bowel." A repeat examination 
on September 16, 1961 showed that there was 
definite but not complete absorption of the 
hematoma. The patient was treated conserva- 
tively with vitamin K. By the third hospital day 
there was no evidence of gastrointestinal hemor- 
rhage and the abdominal discomfort had im- 
proved. The patient gradually became asymp- 
tomatic and was discharged. 


Case mt (Fig. 3, 4 and B). A 67 year old fe 
male was admitted to the Baylor University 
Medical Center on August 1, 1962 with a 2 day 
history of noncramping, abdominal pain, 
nausea and vomiting and a 1 day history of 
melena. Pertinent past history revealed that 
the patient had been hospitalized in 1961 with a 
diagnosis of cerebral atherosclerosis. A daily 


dose of 5 mg. of coumadin, prescribed at that 
time, was continued up to the present admis- 


sion. Physical examination revealed an acutely 
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Fic. 4. Case iv. C7) Typical Binding of an abnormal gas pattern due to bowel thickening with predominant 
colon distention and little or no evidence of abnormal small bowel distention. (4) Small bowel study dem- 
onstrating incomplete obstruction. Barium outlines the abnormal bowel lumen in the involved loops. The 
impression of a mass around this area is due to the hematoma and possibly to retroperitoneal bleeding. 


ill female, periodically. vomiting coffee ground 
material. Positive physical findings revealed 
hvperperistalsis, right lower quadrant tender- 
ness without rebound and moderate abdominal 
distention, Abdominal roentgenograms on ad- 
mission showed several markedly dilated loops 
of small bowel initially interpreted as "mechan- 
ical small bowel obstruction, possibly due to 
volvulus." A small, tubular gas shadow in the 
left lower quadrant was interpreted later as 
“mesenteric vascular occlusion or intramural 
hematoma, knowing that the patient is re- 
ceiving anticoagulants.” Admission prothrom- 
bin time was & per cent, the white blood cell 
count 14,200, and the hematocrit 2§ per cent. 
After correcting the prothrombin level, a 
laparotomy was performed. Eighteen inches of 
hemorrhagic, stiffened jejunum with several 
areas of gangrene were removed. Mesenteric 
hemorrhage was also noted. Normal arterial 
pulsations were palpable to the bowel edge. 
Microscopic examination showed extensive 
hemorrhage into the submucosa of the bowel. 
The patient recovered rapidly and was dis- 
charged in good condition. 


Case 1v (Fig. 4, Zand B). A 66 year old male 
was admitted to the Baylor University Medical 


Center on May £, 1963 with a 4 day history of 
increasingly severe, cramping abdominal pain 
which was generalized and did not radiate. Two 
vears prior to admission the patient had been 
hospitalized with a myocardial infarction from 
which he made a fair recovery. Coumadin had 


motic area over the right shoulder, diminished 
peristaltic activity, abdominal distention and 
tenderness. Abdominal roentgenograms on ad- 
mission revealed marked colon distention to the 
splenic flexure and were interpreted as "possible 
colon obstruction.” A barium enema study was 
normal and the roentgenologic diagnosis was 
changed to "probable bowel infarction or intra- 
mural hematoma." On admission the prothrom- 
bin time was 8 per cent, hematocrit 43 per cent 
and white blood cell count 13,400. Treatment 
consisted of aqueous vitamin K. On the second 
hospital dav the patient began to improve with 
a decrease 1 ท bowel distention and a return of 
normal bowel sounds. On the sixth hospital dav 
the patient was discharged asymptomatic. 


DISCUSSION 


Intramural hematoma of the small 
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bowel, once considered a relatively rare 
complication of anticoagulant therapy is 
reported with increasing frequency. The 
ability to recognize this abnormality as- 
sumes great importance because of the 
expanding use of anticoagulant therapy. 
The radiologist, aware of this iatrogenic 
disease and its roentgen manifestations is in 
ล position to obviate extensive surgery on 
borderline patients already compromised 
by a defective circulatory system due to 
atherosclerosis. 

In order to diagnose intramural hema- 
toma from the plain roentgenograms, one 
should be familiar with the “thick bowel" 
or "crescent" sign described by Wolf ef a/.8 
and Nelson and Eggleston‘ in cases of small 
bowel infarction due to mesenteric vascular 
disease. This sign, in addition to being 
present in these two diseases, may also be 
found in tuberculosis, lymphoma and re- 
gional enteritis involving the jejunum or 
ileum. The sign we wish to stress consists of 
thin curvilinear, continuous gas shadows 
delineating a narrowed bowel lumen which 
is coarsely irregular from distorted mucosal 
folds (Fig. 34 and 44). Where two adja- 
cent loops are involved, the abnormal gas 
shadows may be separated by a consider- 
able width due to the hematoma (Fig. 25). 
Whereas Nelson and Eggleston? found this 
sign in only 2 of 21 proven cases of bowel 
infarction, it was present in all 4 of our 
cases. One would therefore tend to consider 
it more specific for a hematoma than bowel 
infarction, especially if visualized in a pa- 
tient receiving anticoagulants. It is con- 
ceivable that this important sign may be 
obliterated by complete obstruction. Its 
preservation is favored by the nonclotting 
blood which presumably dissects circum- 
ferentially in the submucosa or subserosa in 
a rather diffuse manner resulting in a uni- 
form narrowing over long-segments (Fig. 
38). Peristalsis is diminished or eliminated, 
tending to trap air in the involved bowel 
thereby facilitating its recognition. There is 
little localized mass effect as seen in trau- 
matic hematomas where the blood can clot. 
If the hematoma occurs in a relatively 
closed space such as the retroperitoneal 
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area, localized obstruction could conceiv- 
ably occur by containment despite a lack of 
clotting. 

CLINICAL FINDINGS 


Abdominal pain, occurring in a patient 
known to be on anticoagulants should 
automatically lead to a search for intra- 
mural hematoma. This is especially true 
when there are visible signs of bleeding such 
as ecchymoses or hematuria. The clinical 
picture may vary from an acute abdominal 
emergency to nondescript cramping ab- 
cominal pain compatible with partial ob- 
struction. Nausea, vomiting, distention and 
abdominal tenderness, either localized or 
diffuse, present in varying degree. Hema- 
temesis and melena would not be unex- 
pected. A drop in the hematocrit may occur 
out of proportion to the visible blood loss. 
An important diagnostic point in 3 of our 
cases was the rapid improvement in the 
abdominal pain and general condition of 
the patient after correction of the coagula- 
tion defect with vitamin K. 

With the exception of Case 111, none of 
our patients was in such straits as to require 
emergency surgery. In fact, when a diag- 
ncsis of mesenteric vascular occlusion was 
advanced in Case 1v, the surgeon demurred 
since the patient was ambulatory and “Just 
not sick enough for an occlusion." When 
the roentgen interpretation was considered 
with the clinical information, 2 of the 4 
cases were spared surgery (Case 11 and Iv), 
such was the reliance on the findings by the 
clinician. Though these 2 cases were not 
surgically verified, the roentgen appearance 
and subsequent clinical course were so 
characteristic that the diagnosis is inescap- 
able. 


ROENTGEN FINDINGS 


Optimal demonstration of the extent of 
the pathologic process in intramural hema- 
toma or in any of the diseases producing a 
"thick bowel" sign requires a barium study. 
Since many cases will present a suspicion of 
small bowel obstruction (Case 1 and riz), 
either partial or complete, the use of barium 
may require some coaxing or re-education 
of referring physicians who are prejudiced 
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by surgical folklore relating to the use of 
barium in suspected intestinal obstruction. 
The use of water soluble contrast material 
may cause one to miss the diagnosis as in 
Case I. 

Findings on routine abdominal roent- 
genograms vary from those of mechanical 
small bowel obstruction to a mild adynamic 
lleus. There was a suggestion in only 1 of 
the cases of a pseudotumor (Fig. 177) such 
as one would expect in a closed loop ob- 
struction due to volvulus or bands. Hazi- 
ness due to intraperitoneal bleeding was 
found in 2 of the cases. The retroperitoneal 
soft tissues may be obscured by blood dis- 
secting posteriorly in the mesentery (Fig. 
14 and 4B). An unvarying finding was the 
presence of the narrow curving gas shadows 
described by Nelson and Eggleston* as a 
manifestation of thickened loops of bowel. 

The classic findings on barium studies of 
an intramural mass and a crowding of the 
valvulae conniventes into a “coiled spring 
appearance"? were not seen in our cases. 
Our findings consist of a diffusely narrowed, 
relatively rigid segment of abnormal bowel, 
beginning and ending fairly abruptly. 
When outlined by barium, the narrowed 
lumen shows marked irregularity with 
sharp spicules of different lengths and 
widths formed by the barium entering the 
crevasses between hemorrhagic mucosal 
folds. The term “picket fence appearance” 
advanced by Wiot ef al." is a terse yet apt 
description. The fact the mucous mem- 
brane is preserved, though distorted, af- 
fords differentiation from a malignant 
process. The rapid return to normal elimi- 
nates the inflammatory entities noted 
earlier. The findings described above, when 
recognized, appear to be reasonably specific 
for intramural hematoma. 


SUMMARY 
1. Four cases of small bowel hematoma 
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secondary to anticoagulant therapy are 
presented. 

2. Three cases were diagnosed on routine 
abdominal roentgenograms from the "thick 
bowel" sign. This was actually present in 
all 4 cases. 

3. This sign when recognized in a patient 
receiving anticoagulants is quite specific for 
intramural hematoma. 

4. In 3 cases the process was reversible 
with medical management. 


A. D. Sears, M.D. 

Department of Radiology 

Baylor University Medical Center 
Dallas 10, Texas 
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SMALL BOWEL TRANSIT TIME OF BARIUM 
SULFATE PREPARATIONS AND IODINE 
CONTRAST MEDIA IN DOGS* 


By WILLIAM H. McALISTER, M.D., and ALEXANDER R. MARGULIS, M.D.f 


ST. LOUIS, MISSOURI 


ARIUM sulfate used in the examina- 

tion of the gastrointestinal tract has 
undergone several modifications in recent 
years. These consist chiefly of micropulver- 
izing the barium sulfate or of the addition 
of a suspending agent. Several clinical 
studies suggested a decreased transport 
time with these modifications in the barium 
sulfate.* We undertook a series of animal 
experiments to determine the effects of 
these changes in the barium sulfate prepa- 
ration on the small bowel transit time. A 
water-soluble, iodine-containing contrast 
medium was included in the study because 
of its widespread use and reports of its 
accelerated passage through the gastro- 
intestinal tract.?! 


PROCEDURE 


A water-soluble, iodine-containing con- 
trast medium (diatrizoate sodium 25 per 
cent) and three widely used commercial 
preparations of barium sulfate were used. 
One preparation was U.S.P. barium sulfate, 
a second had a suspending agent added, 
and a third contained only micropulverized 
barium sulfate. In a concentration recom- 
mended by the manufacturer, 100 ml. of 
each contrast material were placed through 
nasogastric tubes into the stomachs of 12 
unanesthetized mongrel dogs. Each animal 
weighed between 11 and 39 pounds. Al- 
though the initially given preparation 
varied, each dog received all four prepara- 
tions. These were given at intervals of 
several days after a 12 hour fast before 
each administration. Roentgenograms were 
taken at 30 minute intervals until the con- 
trast medium reached the colon. No food or 
water was given to the animals during this 


TABLE I 


TRANSIT TIME (IN MINUTES) 


Diatn- Mero: Barium 
zoate Sulfate 115 8 
Dog Sodium pulverized with a Barium 
8 0 Barium 
25 Per Sulfate Suspending Sulfate 
Cent Agent 
I 30 120 120 120 
2 3 ๐ 150 9 ๐ 120 
3 60 120 180 120 
4 30 120 150 150 
อ 6 ๐ 15 ๐ 150 120 
6 30 go 120 go 
7 6o 9 ๐ 9 ๐ 9 ๐ 
8 6 ๐ 9 ๐ 9 ๐ 9 ๐ 
9 3 ๐ 9 ๐ 150 120 
IO 60 120 9o I20 
I1 go 120 120 120 
12 6 ๐ 120 9 ๐ 120 


time and they were unleashedinalargeroom 
between roentgenographic exposures. 


RESULTS 


The time required for each contrast 
material to reach the cecum is given in 
Table 1. Gastric emptying of the three 
barium sulfate preparations was similar in 
all dogs, with only minor variations. No 
further observations or comparisons were 
made on the contrast materials. 


SUMMARY AND CONCLUSIONS 


The transport time through the small 
bowel in dogs of three barium sulfate prepa- 
rations and a water-soluble, iodine-contain- 
ing contrast medium was compared. The 
time required was consistently shorter with 
the iodine-containing contrast material. No 
significant difference was noted in the 


* From the Edward Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri. 
t Present address: Department of Radiology, Univeraity of California Medical Center, San Francisco, California, 
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transit times of U.S.P. barium sulfate, 
micropulverized barium sulfate, and bar- 
ium sulfate to which a suspending agent 
had been added. 


William H. McAlister, M.D. 

The Edward Mallinckrodt 
Institute of Radiology 

£10 South Kingshighway 

St. Louis, Missouri 63110 
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AL- ILEUM* 
DIAGNOSIS BY RETROGRADE FILLING DURING 


BARIUM ENEMA STUDY 





By LEO S. FIGIEL, M.D., and STEVEN J. FIGIEL, M.D. 
DETROIT, MICHIGAN 


UMORS of the terminal ileum are correct diagnosis is possible only at surgery 
rarely diagnosed preoperatively unless 


Since a significant percentage of such 
advanced disease is present. ไท most jn- 


tumors are malignant or potentially malig- 
stances obstruction has supervened and a nant, e.g., carcinoid, lymphoma, sarcoma, 





Pic. 1. Forty year old white female with carcinoid of the terminal ileum with metastases to the ileocolic 
lymph nodes and blood vessels. The patient's only complaint was recurrent peri-umbilical pain. C4) Roent- 
genogram showing the 1.5 em polypoid tumor in the terminal ileum. (B) ldentical findin 


(FS i 


gs are demonstrated 
on à second examination. (C) Photograph of the surgical specimen. 


* From Grace Hospital, Detroit, Michigan, 
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I Tumors of the Terminal Heum 
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Fig. 2. Thirty-eight year old white male with a pedunculated lipoma ot the terminal ileum. The patient hac 
vague, nonspecific symptoms. (4) High kv. spot compression roentgenogram demonstrating the polypoid 
tumor in the terminal ileum. The same findings were noted on a second examination. ( H) Photograph of 
the surgical specimen. 
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Fic, 3. Forty vear old white male with a 2 cm. tumor of unknown etiology in th 
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- 





terminal deum. The pa- 
separate examinations, Patient 


tient's symptoms were nonspecific. The tumor was demonstrated on 











Pic. 4. Sixty year old white female whe had an 


annular carcinoma of the cecum. Roentgenogram 
of the surgical specimen shows the 1 cm. peduncu- 
lated adenoma. 


and, since tumors of this region predispose 
to acute obstruction and strangulation as 
a result of intussusception, an early diag- 
nosis is important. 


METHOD 


Retrograde filling of the terminal ileum 
during barium enema study permits an 
exact evaluation of this segment of the 
gastrointestinal tract. The absence or 
presence of various disease states, inflam- 
matory or neoplastic, can be determined 
easily and accurately if there has been 
good 1 preparation for the db eb and 
filling of the ileum is possible. The utiliza- 
tion of high kilovoltage or overpenetration 
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techniques combined with large field spot 
cs ห an amazing 
and pathologic 


ds 


diet tal e . 
MATERIAL 


Roentgenograms of 4 cases, 3 in which 
small poly poid tumors were discovered in 
n ก d Lus 1 in Buc a ME 


ont ‘i n ae cecum 0 a Lum m 
enema study and a right hemicolectomy 
was performed. Retrograde filling of the 
ileum was not accomplished in this case. 


ง 


The terminal ileum is a favorite site of 
various disease states, inflammatory. and 
neoplastic. These processes are diagnosable 
roentgenographically if retrograde filling of 
the terminal ileum is obtained during the 
barium enema examination. Roen tgeno- 
grams are presented showing the effective- 
ness of mr Feld, high kv. spot studies in 
the detection of Sac tumors of the ter- 
miaal ileum. 

Leo S. l'igiel, M.D. 
1429 David Whitney Building 
Detroit 26, Michigan 
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ROENTGEN DEMO! 





ISTRATION 
THE STOMACH A? 


OF 
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CASE is presented which shows an 

unusual linear and intramural collec- 
tion of gas in the stomach and intestine. 
There was an associated distention of the 
gut which contained large amounts of fluid. 
This combination of findings is probably 
pathognomonic of gangrene of the gut in a 
late stage. There was also an unusual 
distribution of gangrene with involvement 
of the stomach as well as the entire small 
bowel and colon down to a recent anasto- 
mosis of the descending colon and sig- 
moid. This atvpical pattern. provided an 
interesting opportunity for review of the 
subject of intra-abdominal vascular oc- 
clusion. 


REVIEW OF ANATOMY 


According to the classic description, the 
celiac artery arises from the front of the 
aorta immediately below the diaphragm. 
It is a large artery, only one-half inch in 
length, and divides into branches which 
supply the liver, stomach and spleen. The 
superior mesenteric artery arises from the 
aorta about one-half inch below the celiac 
artery and opposite the first lumbar seg- 
ment. Its course is obliquely downward 
and forward, making an acute angulation 
as it passes anterior to the left renal vein. 
The superior mesenteric artery supplies 
part of the duodenum and pancreas, the 
entire small bowel distal to the duodenum, 
and the large intestine nearly as far as the 
splenic flexure. 

There are many and frequent variations 
in the origin, course, distribution and 
anastomoses of the intestinal vessels. A 
rather contiguous origin of the superior 
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mesenteric artery and the celiac artery is 
frequent, but a common trunk is rare. The 
hepatic artery, or an accessory hepatic 
artery, originates from the superior mesen- 
teric artery in 17 per cent of the cases. The 
gastric and splenic arteries have less fre- 


ine 


celiac artery branches and the superior 
mesenteric artery branch via the gastro- 
duodenal artery and the pancreaticoduo- 
denal arteries. Occlusion of the superior 
mesenteric artery with resultant gangrene 
usually begins in the proximal jejunum 
rather than in the distal duodenum which is 
the most proximal part of its supply area. 

A variable number of intestinal arteries 
take origin from the superior mesenteric 
between the lavers of the mesentery and 
then unites with adjacent branches to form 
an arcade. The arteriae rectae, small 
straight vessels, arise from the terminal 
arcades and supply the intestinal wall. The 
arteriae rectae are usually end arteries, but 
occasionally form definite intermesenteric 
anastomoses. Some segments of small in- 
testine are vascularized by arteriae rectae 
coming from two terminal arcades: one 
arcade supplving the gut anteriorly and the 
other arcade sending branches to the 
posterior surface. Within the bowel wall 
the arteriae rectae communicate with one 
another and form a continuous network of 
arterial anastomoses. 

The inferior mesenteric artery arises 
from the front of the aorta about one-half 
inch above the bifurcation of the aorta and 
supplies the colon distal to the splenic 
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flexure. In the absence of the middle colic 
artery, the inferior mesenteric artery 1s the 
major blood supplv of the transverse colon 
and mav supply it to the hepatic flexure. 
The marginal artery of Drummond links 
the arcades of the right and middle colic 
arterv (branches of the superior mesenteric 
artery) with the left colic artery (a branch 
of the inferior mesenteric artery). The 
anastomosis is sufficient. to supply that 
segment of colon deprived of its usual 


vascular source by ligation of any one of 


the colic arteries or the inferior mesenteric 
artery. The inferior mesenteric artery 1s 
commonly ligated during a cancer opera- 
tion of the distal colon. 

There is a potential third blood supply to 
the colon by wav of the anastomosis be- 
tween the superior rectal (hemorrhoidal) 
arterv, which originates from the inferior 


mesenteric arterv, and the middle and 
inferior rectal (hemorrhoidal) arteries, 


which ultimately are supplied by the inter- 
nal iliac arteries. 

The venous drainage of the intestine and 
colon closely parallels the arterial supply 
in number, origin, distribution and varia- 
tion. The superior mesenteric vein and 
splenic vein unite to form the portal vein. 
The inferior mesenteric vein enters the 
portal system by draining into the splenic 
vein, the superior mesenteric vein or the 
origin of the portal vein. 

The superior rectal (hemorrhoidal) vein 
flows into the inferior mesenteric vein and 
then drains into the portal svstem. The 
middle and inferior rectal (hemorrhoidal) 
veins drain into the inferior vena cava via 
the internal iliac veins. 

In portal hvpertension the low mav be 
reversed so that portal blood may pass into 
the inferior mesenteric vein and into the 
rectal plexuses, where it is carried away to 
the inferior vena cava through the inferior 
rectal veins and the internal iliac veins. 


MECHANISM 
Gangrene results from vascular occlusion, 
whether arterial, venous or a combination 
of the two, Gangrene of the gut is a local 
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phenomenon in approximately 65 per cent 
of the cases and usually is caused by local 
vascular occlusion resulting from the fol- 
lowing mechanical situations: external her- 
nia, adhesions, volvulus, intussusception, 
or infection. which causes swelling, and 
impaired circulation as in appendicitis. 
Vascular occlusion is the primary factor 

in 35 per cent of the cases of gangrene of 
the gut, and 1t is the most common single 
etiologic factor.!® Primary vascular obstruc- 
tion has been more specifically designated 
as mesenteric vascular occlusion. There are 
several varieties of vascular occlusion. 

Completely reversible vascular oc- 
clusion ot short segments of the colon has 
been reported by Schwartz e af" The 
process Is à disease of the small vessels and 
may be either a primary vascular disorder 
or secondary to another pathologic process. 
The pathologic changes are due to sub- 
mucosal hemorrhage and pericolic fat 
inflammation. There is a complete resolu- 
tion after a few davs. No late sequelae are 
found. À similar case of localized infarction 
of the colon was previously described by 
En eel hardt and Jacobson,’ 

Wolt and Marshak™ reported short 
2 0 infarction of the small bowel 
without gangrene, but with late stenosis of 
the involved area. Vascular occlusion. of 
small vessels in their cases resulted in 
severe Injury to the more sensitive mucosa, 
but there was viability in the less sensitive 
muscular fibers and the connective tissue 
elements of the bowel wall. Viabilitv of a 
portion of the gut presumably was re- 
tained by anastomoses 1 ท a relatively short 
involved segment of bowel. Late changes in 
the intestine were atrophy of mucosa, 
abesset the Dowel land absence or die 
เล ง 

Recurrent vascular occlusion of the 
m bowel was described by Cregg and 
Smith.” A second episode of mesenteric 
infarction. developed 9 days following a 
segmental resection of the bowel for E OT- 
rhagic infarction. The second area of 
gangrenous bowel was 30 cm. sana to 
the original resection. The patient had a 
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history of arteriosclerotic disease and 
auricular fibrillation for several vears, It is 
probable that embolic phenomenon was the 


underlying factor rather than extension of 


the original thrombus since the second in- 
farcted area was separated from the previ- 
ous resection bv normal bowel. 

4. Bv far the most common type begins 
or progresses to complete vascular oc- 
clusion producing gangrene. The superior 
mesenteric svstem 1s Involved in over 9o 
per cent of the cases. The obstruction us- 
ually involves the vessel near its origin. 
Occlusion of the arterial system 15 slightly 
more common than of the venous struc- 
tures. In about 25 per cent of the cases, it 
is impossible to localize the source of 
primary obstruction to one side of the 
circulation system since the process is 
frequently progressive and involves both 
arterial and venous segments in the ad- 
vanced stages which are usually observed 
at autopsy. 

Arteriosclerosis is a potent contributing 
condition in some cases. Narrowing of the 
superior mesenteric artery results in slowed 
circulation and makes the artery vulner- 
able for occlusion from any further vascu- 
lar insult. Anatomic studies show that 
arteriosclerosis in the superior mesenteric 
artery usually occurs 5 to 14 mm. from the 
origin of the artery at the site of acute 
angulation.^? Occlusion of the inferior 
mesenteric artery 1s usually secondary to 
an arteriosclerotic plaque in the wall 
adjacent to the ostium. Occlusion of the 
vessel seldom produces infarction. of the 
colon unless there is associated vascular 
disease. 

Embolism originating from the left side 
of the heart is probably the most common 
cause of mesenteric infarction. The embolus 
may come from an area of myocardial in- 
farction, rheumatic valvular heart disease 
or bacterial endocarditis.^? A detached 
atheromatous plaque from the aorta is 
sometimes the source of an embolus. 

Portal vein obstruction and hypertension 
of this svstem is often a causal factor in 
mesenteric venous thrombosis. Therefore 
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portal cirrhosis is frequently complicated 
by thrombosis of the portal vein. and 
hepatic cirrhosis is present in a majority of 
the patients w: ith portal thrombosis. Schis- 
tosomiasis is an important factor in certain 
areas of the world. 

Less common conditions causing vascu- 
lar occlusion of mesenteric vessels are: 
periarteritis nodosa, migrating thrombo- 
phlebitis and intraperitoneal sepsis. The 
latter usually produces venous thrombosis 
and was a common cause prior to the 
advent of antibiotics. Rare causes are 
thromboangiitis obliterans, syphilis, poly- 
cvthemia vera, trauma and alcoholism. 

The postoperative and especially the 
postsplenectomy state shows an increased 
incidence of mesenteric vascular occlusion. 
The mechanism following surgerv 15 often 
obscure. 

Consideration of the possible etiologies 
is important in leading one to suspect 
mesenteric vascular occlusion, especially in 
the graduallv developing insidious case. 

The bowel wall is thickened and en- 
gorged with blood following occlusion of a 
major mesenteric vessel. The adjacent 
mesenterv is swollen and contains areas of 
hemorrhage and distended veins. The 
intestinal mucosa becomes necrotic and an 
inflammatory exudate appears on the 
serosa. There is thick dark blood in the 
lumen and bloody fluid in the peritoneal 
cavity. The bowel is dark in color. Gan- 
grene and peritonitis develop later. 


CLINICAL FEATURES 


The onset of mesenteric thombosis is 
often acute with abdominal distention, 
severe pain and marked vomiting. 1 
comfort 1s characteristically disproporti tion- 
atelv severe for the clinical findings. Shock 
accompanies an acute onset and varies with 
the extent of the occlusion. Diarrhea is 
common and sometimes the stool contains 
small amounts of blood; constipation has 
occurred in some cases. Peristalsis is usually 
diminished. Fever and elevation of the 
white blood cell count occur later in the 
disorder. 
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Other cases of mesenteric thrombosis de- 
velop slowly over a period of a week or 
more and with vague svmptoms of abdom- 
inal distress. 

Mesenteric infarction is most commonly 
confused with acute pancreatitis, per- 
forated peptic ulcer and acute cholecystitis. 

Sudden abdominal pain in a patient with 
serious heart disease, severe arteriosclerosis 
or a history of recent abdominal surgery is 
suggestive of mesenteric infarction. Aspira- 
tion of bloodv ascitic fluid strengthens the 
probability of vascular occlusion. 

Early diagnosis and prompt surgery 
offer the only hope of recovery after gan- 
grene has developed. Resection of a large 
segment of gangrenous bowel has been 
successful. Embolectomy and possible by- 
pass arterial surgery may be successful if 
done early enough.* ^ The operative mor- 
tality is high; the mortality rate with 
expectant treatment is almost 100 per 
cent. 


ROENTGEN FINDINGS 


A roentgenogram of the abdomen fre- 
quently demonstrates nonspecific disten- 
tion of the small bowel; however, about 
one-third of the cases of mesenteric infarc- 
tion do not have any abnormal findings. 
The segment of distended intestine does 
not correspond closelv with the area of 
infarction. 

Certain patterns and distributions of gas 
in the bowel suggest the diagnosis of 
mesenteric infarction. 

segmental reversible vascular occlusion 
of the colon produces "thumb printing" 
of the colon wall due to nodulation with 
spasm. "Pseudotumor" deformity results 
from nodulation without spasm and is 
caused by tumetactions of submucosal 
hemorrhage. The bowel returns to a normal 
state after a few days. 

In the small bowel there mav be late 
changes from segmental occlusion. There is 
tubular narrowing of a segment of intestine 
from 3 to 6 inches in length. The mucosal 
pattern is effaced. There is a fairly abrupt 
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but smooth change from the constricted 
segment to the normal bowel. 


The more usual cases of mesenteric in- 
farction have been extensively described. 
The cases reported by Harrington and 
Rendich!*!5 showed dilatation of the small 
bowel and colon proximal to the splenic 
Hexure without mechanical obstruction of 
the splenic flexure on barium enema 
studies. This was considered as a sign- 
complex suggesting superior mesenteric 
vascular occlusion; it has been an uncom- 
mon finding in other series of cases. 

Frimann-Dahl” described cases of mesen- 
teric occlusion with distended small bowel 
containing large amounts of gas and fluid 
which simulated mechanical obstruction. 
Distention progressed rapidly and aided 
in differentiating vascular occlusion from 
mechanical obstruction. Barium given by 
mouth showed thickening and rigidity of 
the mucous membrane from edema. Transit 
time of the barium meal was prolonged. 

Thickening of the bowel wall with an 
accompanying narrow lumen outlined by 
air was described by Cregg and Smith? in a 
case of recurrent infarction of the ileum. 
The wall of the intestine was 1 cm. thick 
due to edema and hemorrhage of the 
bowel. Edematous mesentery produced the 
appearance of a soft tissue mass on roent- 
genograms. 

Wang and Reeves? and Nelson and 
Eggleston“ reported the roentgen findings 
in cases of mesenteric vascular occlusion. 
In both series there were a few cases of 
marked thickening of the bowel wall with 
a narrow intraluminal air shadow. The gas 
shadow was straight or slightly curvilinear 
and remained constant with a change in 
position of the patient. Sometimes there 
were parallel gas-filled loops like a “cluster 
of bananas.” Subacute or chronic cases de- 
veloped narrowing and fixation of the 
bowel wall simulating regional enteritis or 
ulcerative colitis. 

No report could be found of gas in the 
stomach wall due to vascular occlusion. Gas 
in the stomach wall is rare. It was described 
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by Lumsden” in the following conditions: 
emphy sematous gastritis, cystic pneuma- 
tosis and interstitial gastric emphysema. 
Emphysematous gi astritis 1S a special v fria 
ety of severe ph lezmonous gastritis. Cystic 
pneumatosis 1s bv benign gas filled 
cysts on the outer wall of the alimentary 

tract. These cysts are usually in the small 
bowel and rarely in the stomach. Inter- 
stitial gastric emphysema may follow 
gastrostomy and does not produce clinical 
symptoms. Cancelmo! reported a case of 
intraluminal gas in the stomach following 
a feeding Jejunostomy for inoperable car- 
cinoma of the lower esophagus. It was 
postulated that postoperative vomiting 
forced air through an incomplete pertora- 
tion of the esophagus and that the gas 
passed into the gastric wall. 


A bizarre case of spontaneous passage of 


over one-half of the colon following mesen- 
teric thrombosis was reported by Lister and 
Jungmann.! Fragments of the gangrenous 
colon passed through a fecal fistula and 
through the rectum. 


REPORT OF A CASE 


M. D., a 63 year old white female, was ad- 
mitted to the hospital with symptoms referable 
to the colon. A barium enema study on July 
1, 1960 revealed marked diverticulosis of the 
sigmoid and probable neoplasm in the mid- 
sigmoid. Recheck roentgenographic studies con- 
firmed a tumor 4 cm. in diameter in the mid- 
sigmoid and demonstrated a polyp 2 cm. m 
size in the distal descending colon (Fig. 1). 
She had had a hemorrhoidectomy, sympathec- 
tomy and cholecystectomy prior to 1954. She 
was on medication for severe hypertensive 
heart disease. Her blood pressure on admission 
was 210/120. 

A sigmoid resection with end-to-end an- 
astomosis, total colonoscopy and polypectomy 
were done on July 15, 1960. Her blood pressure 
during operation ranged from 110~180/ 70-120. 
The pathology report was: (1) papillary aden- 
oma of the sigmoid with development of mucoid 
adenocarcinoma; (2) metastatic mucoid adeno- 
carcinoma of mesocolic lymph nodes; and (3) 
pedunculated adenoma of the colon. On the 
fifth postoperative day, she passed a large 
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An arrow points to a large malignant tumor 


biG. 1 
in a loop of sigmoid colon. À second arrow indi- 
cates a benign polyp on a stalk in the distal de- 
scending colon. 


quantity of stool and apparently was con- 
valescing satisfactorily. On the sixth and 
seventh postoperativ e days, she gradually de- 
veloped progressive abdominal distention and 
low grade spiking fever. There was minimal 
tenderness and pain in the lower abdomen. On 
the evening of the seventh day, she had diar- 
rhea and was very nauseated. There was rather 
marked distention of the abdomen and she felt 
very ill. The white blood cell count rose from 
12,000 on July 18, 1960 to 35,400 on July 23, 
1960. 

Roentgenographic examination of the abdo- 
men on July 23, 1960 showed severe distention 
of multiple fuid containing Fia of small bow a 
and a most unusual band of air 2 mm. wide ii 
the stomach and small bowel val (Fig. 2 
cee e ar ey was and ล 

phe on the same EE re- 
v ale d gangrene « of the entire small intestine. 
There was free J 
The previous sigmok id ae was intact, 
A loop of «mall bowel was exteriorized and 
vented by a rectal tube. Brownish and blood- 
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Fic. 2. A supine roentgenogram of the abdomen 
shows a uniform, continuous, narrow zone of 
intramural air in the wall of the stomach and 
proximal intestine. The small bowel is severely 
dilated and atonic, 


tinged fluid exuded from the lumen of the small 
bowel. A presumptive diagnosis of thrombosis 
of the superior mesenteric artery was made, 
She expired 2 days later, 

Autopsy revealed marked infarcticn and 
necrosis of the stomach, small intestine and 
colon. These organs showed severe black dis- 
coloration. The colon on the proximal side of 
the anastomosis in the rectosigmoid area was 
completely necrotic, while the colon wal. distal 
to the anastomosis was viable. There were la rge 
areas of infarction in the liver, spleen and pan- 
creas. The esophagus was negative. There was 
severe atherosclerosis of the aorta with begin- 
ning ulceration in several foci of calcification. 
The celiac axis was relatively small. A rather 
recent thrombus occluded the lumen and ex- 


tended into the vessel about 3 em. The superior 
mesenteric artery was very small. Athero- 


sclerotic changes were found proximally in this 
vessel. The inferior mesenteric artery hac. been 
ligated during surgery on July 15, 1 960. Micro. 
scopic studies confirmed the gross hndings. 
Other findings at autopsy were: marked paren- 
chymatous degeneration of the adrenal glands, 
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fatty infiltration of the right ventricle cf the 
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heart, small areas of myocardial fibrosis, and 
acute peritonitis. 


The combination of intramural gas, 
marked distention of small bowel and a 
large amount of fluid in the small bowel is 
probably a sign-complex that is specific for 
extensive vascular occlusion in the late 
stage. 

The case reported is of particular interest 
in that there was infarction of the gut from 
the proximal stomach to the recent anasto- 
mosis of the descending colon to the rec- 
tum. This distribution is explained bv the 
fadings at autopsy of developmental y 
small celiac and superior mesenteric arter- 
tes, further narrowing from atherosclerosis, 
and thrombosis of the celiac artery. Circu- 
lation to the superior mesenteric artery 
became inadequate following ligation of the 
inferior mesenteric artery and elimination 
of the collateral flow from the superior 
rectal arteries following resection of the 
sigmoid. Slowed circulation from a d rop In 
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Pic. 3. There are multiple fluid levels on an erect 
roentgenogram of the abdomen. There is no 
change in the pattern or distribution of intramural 
air with varied positions of the body. 
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blood pressure in a severely hypertensive 
patient and vasospasm secondary to throm- 
bosis of the celiac artery were additional 
factors in producing infarction of the small 
bowel, even though the superior mesenteric 
artery was not occluded. 

The colon below the sigmoid anastomosis 
was adequately supplied from the superior 
rectal arteries and was not infarcted. 

Intramural gas was probably produced 
by gas forming bacteria in the gastro- 
intestinal tract migrating into devitalized 
stomach and intestinal wall. 


SUMMARY 


1. A case of massive infarction of the 
gastrointestinal tract following surgery of 
the colon is reported. The celiac axis was 
thrombosed. The superior mesenteric ar- 
tery was abnormal and diseased, but was 
not occluded. 

2. A narrow zone of intramural gas in 
the stomach and intestine is a rare, late 
finding in gangrene of the gastrointestinal 
tract: 

3. The sign-complex of intramural air in 
the small bowel and stomach, marked 
dilatation of the small bowel and a large 
amount of fluid within the intestinal tract 
is suggestive of extensive vascular occlu- 
sion of the gastrointestinal tract. 


Ferguson- Droste-Ferguson Clinic 
72 Sheldon Avenue, S.E. 
Grand Rapids 2, Michigan 
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FIBROSIS AND STENOSIS OF THE DESCENDING 
COLON AND SIGMOID FOLLOWING 


OCCLUSION OF 


IHE INFERIOR 


MESENTERIC ARTERY* 


By JOHN R. HANNAN, M.D., BEN F. JACKSO! 





S M.D., end PAUL PIPIK, M.D. 


CLEVELAND, OHIO 


‘STENOSIS of the colon rarely occurs 
— following occlusion of the inferior mes- 
enteric artery because the abundant col. 
lateral circulation prevents infarction and 
ischemic necrosis of the bowel. However, 
the marginal artery of Drummond, which 
serves as an anastomosis between the mid- 
dle colic branch of the superior mesenteric 
artery and the left colic branch of the in- 
ferior mesenteric artery, may be congeni- 
tally absent. Then the collateral blood 
supplv may prove inadequate to prevent 
infarction of the colon. However, this in- 
farction is usually a catastrophic event; the 
mortality rate is very high and few patients 
survive, without resection, to develop 
fibrosis and stenosis of the colon. 

In the case reported it is our purpose to 
describe and emphasize the roentgen find- 
ings following occlusion of the inferior 
mesenteric artery and infarction of the 
descending colon and sigmoid. Although 
there have been several descriptions of the 
early roentgen changes following infarction 
of the left colon** and a few reports of 
segmental stenotic lesions of the rectum or 
sigmoid^ 19125 which developed subse- 
quent to infarction, we have found no pres- 
entation of stenosis of the major portion of 
the descending colon and sigmoid as oc- 
curred in our patient. 


REPORT OF A CASE 


On April 4, 1962 a well nourished, intelligent, 
62 year old business man was admitted to 
Evangelical Deaconess Hospital complaining of 
severe lower abdominal pain. During that after- 
noon the patient felt fine and had worked sev- 
eral hours in his garden. Abdominal pain came 
on suddenly, shortly after his evening meal; it 


* From the Departments of Radiology and Surgery, Evangelical Deaconess Hospital, C 


was more severe on urination, but there was no 
blood in the urine, 

Physical Findings. Initially the pertinent 
findings were limited to the abdomen which was 
tender but not rigid, and no masses were palpa- 
ble. The patient was conscious, coherent and 
afebrile. His blood pressure was 170/100 and his 
pulse was 102. 

Laboratory Findings. On admission the hema- 
tocrit was 47 per cent, hemoglobin 15.2 gm., 
and the white blood cell count was 21,000. Other 
tests, including serum sodium, potassium chlo- 
rides, alkaline phosphatase, and CO, combi ning 
power, blood sugar and blood urea nitrogen 
were within normal range. The cephalin floccu- 
lation test was 44- in 48 hours. Urinalvsis was 
normal except for the presence of an occasional 
red blood cell. The electrocardiogram also was 
normal. 

Course in Hospital. Because the patient com- 
plained of inability to urinate, a Foley catheter 
was inserted soon after admission. The follow. 
ing morning abdominal pain increased and his 
abdomen was more distended. A surgical con- 
sultant noted a mass in the left lower quadrant 
s -seemingly adherent to the sigmoid colon. The 
clinical impression was that a sigmoid divertic- 
ulum had perforated and a pericolic abscess was 


developing. A Levine tube was inserted and 
supportive therapy, including distrycillin and 


intravenous terramycin, was started, 

Roentgenograms of the abdomen (Fi อ) 
taken the morning following admission with the 
patient recumbent and in the left decubitus 
position revealed a nonspecific gas pattern with 
distended loops of small intestine. The descend- 
ing colon contained gas, had smooth margins 
and some normal-appearing haustral markings 
were demonstrated. The appearance seemed 
consistent with an adynamic ileus of unknown 
cause. 

On the second hospital day a rectal examina- 
tion revealed a dark, sanguineous, semi-solid 
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fluid on the examining finger, and areas of ec- 
chymosis were noted about the anus. Immedi- 
ately prior to this examination, the patient had 
received a soap suds enema with return of some 
"dark bloody water" containing small flecks of 
brown stool. Sigmoidoscopy was then per- 
formed. The instrument was passed with ease to 
20 em. without evidence of obstruction, But 
very significant changes were noticed through- 
out the examined segment. The mucosa was 
pale gray and non-glistening with scattered, 
irregular, dark areas due to submucous ecchy- 
moses. The appearance suggested local trauma 
possibly d to the enema. No brown 
stool or blood was seen. Attempts to advance 
the sigmoidoscope beyond 20 cm. were not 
successful because the patient became restless 
and uncooperative. The examination was dis- 
continued without obtaining a biopsy. 

For the next 2 days abdominal distention 
continued. The patient passed large amounts of 
foul-smelling flatus and had numerous liquid, 
brown stools. On April g roentgenograms of the 
abdomen (Fig. 2) showed an increase in small 
bowel distention with scattered collections of gas 





Fic. 2. Recumbent roentgenogram of abdomen on 
April 9, เย 62. Numerous dilated loops of small 
intestine in step-ladder pattern. Small amount of 
gas in descending colon. Note gas in urinary 


bladder 


in the descending colon and sigmoid. In addi- 
tion, the bladder appeared to be distended with 
gas. The following morning a small amount of 
contrast medium was introduced into the blad- 
der and an upright roentgenogram was made 
(Fig. 3. À gas-fluid level was noted between the 
gas and urine, and, in addition, a fuid-Auid 
level was present at the interface between the 
urine and contrast medium. Since 1t was as- 
sumed clinically that a sigmoid diverticulum 
had ruptured with subsequent inflammatory 
perforation of the bladder, it was considered 
advisable to examine the sigmoid and descend- 
ing colon by barium enema, using maximum 
caution to avoid additional trauma to the colon. 
The study (lig. 4) disclosed no diverticula and 
no site of perforation was found. The walls of 
the upper rectum and 0 were shghtlv 
irregular and the haustral markings were wide 
and coarse. The mucosal pattern was effaced. 
Along the sigmoid, where a mass was palpable, 





Fic. 1. Recumbent roentgenogram of abdomen on 
April a 1962.. Nonspecific gas pattern suggests the colon Was Very irritable and did not ret ain 
adynamic ileus. barium. No ulcerations were noted along the 
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lig. 3. Erect roentgenogram of the bladder made on 
April 10, 1962, after injection of contrast medium. 
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rectum, sigmoid, and 

alls slightly 
irregular, mucosal markings effaced and some 
wide and irregular haustra present. Proximal 
sigmoid irritable and did not retain barium in the 
region of the palpable mass. 


hic. 4. Barium study of 
descending colon on April 10, 1962. W 
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margins of the colon and no pseudopolyp 
were recognized. No effort was made to fill the 
entire colon with barium due to fear of perfor- 
ation, The significance of the roentgen changes in 


the colon was not appreciated at the time, and 
specific diagnosis was not suggested. 

l'or the next 10 days his condition improved 
slowly. As earlier, he passed large amounts of 
fatus and continued to have many liquid, 
brown stools. While the patient was walking 
about on April 20, he was aware of strands of 
tissue protruding from his rectum. These were 
removed and the pathologist described them as 
"Necrotic mucosa and submucosa of the rectum 
or colon.” For the next few davs more strands 
appeared. On April 24 roentgenograms of the 
abdomen (Fig. 5) revealed large numbers of 
tiny gas bubbles throughout the descending 
colon and proximal rectum—suggesting pneu- 
marosis intestinalis. Finally, อ ท April 26 the 
patient passed a large soft stool encased i 





























ma 
long mucosal cast of the descending colon and 
sigmoid. 

On May s, a month following admission, a 
barium enema examination was done. The strik- 


1g62, 


Vic. g. Intravenous pyelogram on April 
No urinary tract 
is can be seen throughout descending colon, 


24, 


abnormality. Small bubbles of 


t 
sigmoid and 


proximal rectum. 
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ing changes (Fig. 6) included: narrowing ot the 
descending colon and sigmoid; loss of haustral 
markings; complete absence of mucosal mark- 
ings in the involved segment; and sharp demar- 
cation between the abnormal and normal bowel 
with cone-shaped transition to the normal 
proximal bowel. For the first time, the roent- 
genologists were convinced that the changes in 
the colon were due to infarction following occlu- 
sion of the interior mesenteric artery. 

Although the patient had lost 27 pounds, he 
was improving slowly. It was considered advis- 
able to discharge him on May s, 1962 toallow 
time for collateral circulation to develop before 
the abnormal bowel was resected. 

While still an out-patient, he returned for a 
progress barium enema examination on June 26, 
almost 3 months from the onset of illness. At 
this time (Fig. 7) the descending colon and 
sigmoid showed marked stenosis, the lumen 
measuring 7 mm. In the interval since the last 
examination, considerable shortening of the 
colon had occurred causing the splenic flexure to 
be lower than it was on the earlier study. 

Second Admission, On August 13, 1962 the 





Vic. 6. Barium enema study on May g, 1962. De- 
scending colon and sigmoid smooth and narrow 
and the mucosa is destroyed. Cone-shaped de- 
marcation between normal and abnormal bowel. 
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Barium enema study on June 26, 1902. 
Marked stenosis of descending colon and sigmoid. 
Mucosa completely destroyed. Sharp demarcation 


Pee 


^ between normal and abnormal bowel. Note 
splenic flexure now located Just above iiac crest. 


patient entered the hospital again and the 
barium enema examination was repeated the 
next day (Fig. 8). The stenosis and shortening 
had increased since the examination of May 5$, 
1962. 

While convalescing at home he had continued 
to lose weight—a total of 45 pounds and diar- 
rhea had continued. On August 17 the descend- 
ing colon and sigmoid were resected and an 
anastomosis was established between the trans- 
verse colon and rectum. On incising the pert- 
toneal reflections of the colon, the surgeon en- 
countered pus. He also observed a moderate- 
sized aneurvsm of the abdominal aorta extend- 
ing from a point 2 or 3 cm. distal to the renal 
arteries to the bifurcation of the aorta. 

The excised colon segment measured about 
ro em, in length and was described as brown, 
discolored cord-like tissue. The summary of the 
pathologic report of the resected colon was as 
follows: “Chronic ulcerative, fibro-stenotic 
lesion of the descending colon and sigmoid, 
probably secondary to thrombosis or throm bo- 


embolism and organization of medium caliber 





Fic. 8. Barium enema study on August 14, 1962. 
Marked stenosis and shortening of descending 
colon and sigmoid. Adequate preparation im- 
possible due to stenosis. 


muscular branches of the inferior mesenteric 
artery.” 

On August 26, 1962, after an uneventful 
postoperative course, the patient was dis- 
charged from the hospital. 

Third Admission, On October 12, 1962 the 
patient was admitted to the hospital with symp- 
toms of partial small bowel obstruction. These 
were relieved by Cantor tube insertion and rest. 
He was discharged on October 20, 1962 and 
since then has been asymptomatic. 


DISCUSSION 

Although infarction with subsequent 
stenosis of the colon is a rare medical prob- 
lem, segmental stenosis of the small intes- 
tine has been recognized for vears as an 
occasional sequela following repair of a 
strangulated hernia. More recently, Wolf 
and Marshak? and Rosenman and Grop- 
per? have described segmental stenosis of 
the small intestine following superior mes- 
enteric vascular occlusion. In both in- 
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stances the small bowel, deprived of its 
usual blood flow, is partially devitalized 
and the mucosa, being more vulnerable to 
ischemia, mav slough when ischemia is 
insufficient to cause permanent damage to 
the muscularis." Thus the process does not 
go on to gangrene of the entire intestinal 
wall with subsequent perforation. 

Infarction of the descending colon due to 
vascular occlusion alone, in the absence of 
mechanical obstruction, is most uncommon 
according to MeCort.? He found only i5 
reported cases and added 3 of his own. The 
infrequency. of symptomatic occlusion. of 
the inferior mesenteric artery is borne out 
also by MeClenahan and Fisher? who re- 
ported a group of over 100 cases of mesen- 
teric artery occlusion of which 96 per cent 
were in the superior arterial branch. 

Irfarction of the left colon, however, has 
been encountered more frequently since the 
advent of reconstructive surgery of the 
abdominal aorta. Recently, Young ef al. 
reported infarction of the left colon in 8 of 
500 persons subjected to abdominal aortic 
surgery and found 34 other cases reported. 
Javid ef a/l’ observed 3 individuals in a 
series of 660 patients treated for aortoiliac 
lesions who developed colon necrosis. 

None of the reported cases of colon in- 
faretion has developed stenosis of the m ajor 
portion of the descending colon and sigmoid 


tures about 9 cm. from the anal orifice fol- 
lowing surgery on the abdominal aorta. 
Somewhat similar cases have been reported 
also by Moore,'^ McKain and Shumacker,’ 
and Javid e£ al.’ 


CLINICAL FINDINGS 


A clinical picture of hypotension, persist- 
ent aodominal distention and diarrhea 
(which may or may not be bloody) has been 
found to be highly suggestive of intestinal 
infarction, Unexplained leukocytosis is 
addizional evidence. If the colon perforates, 
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shock may develop. Sigmoidoscopy 1s per- 
haps the most valuable procedure in the 
diagnosis of left colon infarction. Initially, 
the bowel mucosa is cyanotic, later it 1s 
edematous with polypoid thickening, and 
eventually progressive sloughing of the 
mucosa occurs. Ecchymotic discoloration of 
the skin about the anus, as noted in our 
patient, may prove to be an important 
diagnostic sign. In most of the reported 
cases, the diagnostic significance of the 
sigmoidoscopic findings has not been fully 
appreciated, and it seems likely that, as 
clinicians become more aware of the diag- 
nostic importance of the mucosal changes 
in the rectum and sigmoid, earlier diagnosis 
will become more accurate. 


ROENTGEN FINDINGS 


Plain Roentgenograms. Roentgenograms 
of the abdomen reveal a gas pattern con- 
sistent with adynamic ileus, usually non- 
specific, and tending to increase in severity 
the first few days following infarction. The 
thick, edematous, bowel wall may be visua- 
lized between gas within its lumen and gas 
in adjacent loops of bowel. If perforation of 
the colon occurs, free or trapped extralumi- 
nal air may be visible within the abdomen, 
or if perforation occurs into an adjacent 
viscus, as the bladder, gas (Fig. 3) may be 
visible in that structure. As necrosis of the 
mucosa progresses, bubbles of gas may be 
visible in the wall of the colon (Fig. 5). 

Contrast Studies of the Colon. Soon after 
infarction, there may be no narrowing of 
the colon but irritability of the rectum and 
sigmoid is usually evident. The mucosal 
folds are wide and flat, or thick and blunt, 
or at times nodular. Recently, Boley ef al? 
described polyp-like thickening of the 
mucosa along the margins of the colon in 
reversible vascular occlusion. 

As ulceration and sloughing of the mu- 
cosa occurs, the barium enema study re- 
veals a total loss of haustral markings and 
mucosal pattern with tubular narrowing of 
the lumen (Fig. 6), not unlike that seen in 
some stages of ulcerative colitis. 

In the later stages (Fig. 7 and 8), there is 
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progressive stenosis of the involved colon 
with: marked shortening. Eventually, the 
bowel presents a string-like appearance. 
The transition zone between normal and 
abnormal bowel is cone-shaped, thus differ- 
ing from the sharp margin and overhanging 
edges generally seen in carcinoma of the 
colon. 


SUMMARY 


A case of sudden infarction of the de- 
scending colon and sigmoid due to occlusion 
of the inferior mesenteric artery in a 62 year 
old man who was previously well has been 
presented, with particular emphasis on the 
roentgen findings. Ultimately, marked con- 
traction, fibrosis and stenosis of the in- 
volved bowel required resection and anas- 
tomosis of the transverse colon to the 
rectum. At surgery a small aneurysm of the 
abdominal aorta was found and probably 
was the underlying cause of the vascular 
occlusion. The importance of a sigmoido- 
scopic examination, if infarction is sus- 
pected, and the pathognomonic changes in 
the colon mucosa are emphasized. 


John R. Hannan, M.D. 
4229 Pearl Road 
Cleveland 9, Ohio 


The authors wish to thank Dr. David A. 
Johnston for his permission to publish this case 
and Dr. Victor S. Hirsch for his suggestions and 
review of the manuscript. 
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THE ROENTGEN FINDINGS OF CARCINOID TUMORS 
OF THE GASTROINTESTINAL TRACT* 


A REPORT OF 12 RECENT CASES 











By HOWARD L. HUDSON, M.D., and ALE XANDER R. MARGULIS, M.D.+ 


SAN FRANCISCO, CALIFORNIA 


HE diagnosis of tumors of the intesti- 

nal tract presents a challenge to the 
mod c 2.918 One type of tumor usually 
not diagnosed until the time of surgical 
operation is the carcinold. In 12 patients 
whose ages ranged from 4o to 80 vears, 
em ERE d I b — UN 


oper ation, and en constitute ~ ก 
reason for this report. 


PATHOLOGIC FEATURES 
Carcinoid tumors are nonencapsulated, 





Vic. 2. Case 3. Carcinoid of the terminal ileum 1 ท a 
48 year old man. A filling defect is somewhat ir- 
regular in outline. Diverticulitis of the colon is also 
present, 


but circumscribed, tumors of the mucosa. 
Thev mav be of annular or polypoid form. 
Classically, on transection, they are bright 
vellow, but may be grav and firm. The 
tumor consists of small cuboidal cells with 
nuclei of uniform size and shape.! The cells 
emanate from those described by Kulchit- 
skv, and on staining with silver salts, con- 
tain argyrophilic granules. Lubarsch in 
1888 recognized these growths as “little 
Fic. 1, Case 2. A 46 year old woman with carcinoid carcinom as," but Obendorfer in 1907 differ- 


involving the third portion of the duodenum. eetarea gham fer MEE Hr ud 
เฟ ฟิ ต ล อ ร ล ล DM ฑ์ entiated them from carcinomas, naming 
Oblique view of the gastrointestinal series shows 9 





indentation into the lumen of the duodenum them carcinoids. 
(arrows). MacDonald!? suggested that all carcinoid 


* From the Edward Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri. 
T Present address: Department of Radiologv, University of California School of Medicine, San Francisco, Cahfornia, 
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Vic. 4. Case 6. One hour roentgenogram of a small 
bowel barium examination in a 6$ year old woman. 
The carcinoid tumor involves the terminal ileum. 


Several ileal | 


tumor invading the mesentery, 
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ioops are edematous and fixed by 
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bic. 3. Case 4. Small.howel barium study in a 52 
year old man. St dilated angulated loop of 
Heum with edematous mucosa and a mass on its 
upper aspect. The mass is a carcinoid growth, 
whereas stiffness and edema were produced hy the 
invasion of the mesentery and partial occlusion of 
veins (arrow), 





tumors be considered malignant. When 
present in the small intestine, invasion into 
the wall and infiltration of the mesentery 
lead to fibrosis, angulation of an intestinal 
loop, and adherence of the peritoneal sur- 
faces. The sharp angulation with a filling 
defect 15 recognized as แท important roent- 
gen sign of carcinoid tumors. Usually, carci- 
noid tumors in the ileum metastasize and 
lead to the carcinoid syndrome; those in the 
duodenum are usually polypoid lesions. 


CLINICAL MANIFESTATIONS 
The pharmacologic effects of carcinoid 
tumors (flushes, chronic diarrhea, respira- 
tory disease, and valvular heart disease) 
result from the excessive release of sero- 
tonin. The metastatic carcinoids elaborate 





lng, s. Case 9. Carcinoid of the terminal ileum 


(arrow) in a 61 year old man well demonstrated on 


à roentgenogram of the small bowel. 
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large quantities of serotonin in the form of 
§-hvdrox Vtryptamine from the essential 
amino acid try ptophan.*? It is changed to 
-hydroxvindoleacetic acid which is a uri- 
nary metabolite norm: ally present in24 hour 
urine specimens in the amounts of 3 to 1 ๐ 
mg. [t is present in the urine of patients 
with this syndrome in amounts of 80 to 800 
mg. In patients with metastatic carcinoids 
a qualitative test for s-hydroxyindoleacetic 
acid is positive. The reaction of this test in 
5 of the reported patients was positive in 3. 
The Ni e 0 svmptoms of 0 
tumors ecific, although diarrhea 
may be sugg . Patients may complain 
ot intestinal obstruction, hemorrhage, or a 
pelpable mass, but some tumors have been 
discovered > asymptomatic patients. 
Table tis a summary of the clinical and 
hig. 7. Case g. A filling defect in the anterior wall of roentgenologic hndings เท 12 patients. 
the rectum produced. by carcinoid tumor. Representative roentgenograms illustrate 
tumor is Indistinguishable from ceareinoma. these findings. 
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11. Carcinoid involving the (T) leum and (B. ileocecal valve (arro 
t 





in a 40 year old 


big, 8. Cas ) 
15 ] inguishable from primary carcinoma of the ileocecal valve. 


woman. This type of lesion is indis 


Qt 
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Tare I 
CLINICAL AND ROENTGENOLOGIC FINDINGS IN 12 PATIENTS 

Age 2: Laboratory — Roentgenologic Surgical 
Case t Symptoms Signs P 2 20 we ge qoe 
Dex f Findings Findings Findings 
I 63 Severe diarrhea, Sea gull murmur, Hb. 13.3 Angulation with Carcinoid of ileum, 
F เบ ๒ to 1§-20 hepatic enlarge- 5 H.LA.A. filling defect in metastatic; au- 
movements daily ment + terminal ileum topsy showed in- 
volvement of tri- 
cuspid valve 
2 46 Diarrhea for 3 yr., Tachyeardia g H.LA.A. Partial obstruction Carcinoid of duo- 
(Fig. 1) E dyspnea, palpita- + of duodenum denum, metastatic 
tion, hot flashes to liver 
5 48 Melena Physical exami- sH.LA.A. Filling defects of Carcinoid involv- 
(Fig. 2 M nation normal _ distal ileum ing ileum 
4 52 14 lb. weight loss Abdominal ten- 4-Fguaiac Stiff loops of ileum Carcinoid of ileum 
(Vig. 3) M ท 10 mo, left derness, patient stools, with ulceration with large lobu- 
lower quadrant appeared chroni- 5$ H.E AL A, lated mass 
pain cally ul - 
5 54 Vomiting Obstruction Ileal obstruction Mass at root of 
F mesentery diag- 
nosed carcinoid 
6 65 Lower abdominal Abdominal Guaiac Irregular lesion of Carcinoid, meta- 
(Fig. 4) F cramps, diarrhea, tenderness stools terminal ileum static with im- 

1 5 Ib. weight loss plants 1 ท perito- 
neum, mesentery, 
terminal ileum 

p 77 Right sided pain, Abdominal dis- Het. 400% Filling defect of Mass in region of 
M nausea and tention, hepato- terminal deum cecum, partially 
vomiting megaly obstructing termi- 
nal ileum, meta- 
static to liver 
8 61 Vagueabdominal Hepatomegaly cs H.I.A.A. Obstruction of Carcinoid of ter- 
(Fig. ) M | pain with recent + terminal ileum minal ileum, meta- 
cramping and static to liver 
diarrhea 
9 42 Nausea, vomiting Abdominal Polypoid filling Carcinoid in 
(Fig.7) F tenderness defect in rectum polyp, salpingitis 
1 ๐ So . Diarrhea Not remarkable — Guaiac Upper gastrointes- Carcinoid in 
(Vig. 64) M stools tinal polypoid de- ท อ ไจ ท of duode- 


fect of duodenal 
bulb (barium 
enema study read 
as diverticulosis) 


num 
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TABLE I (Continued) 


838 
Case as Symptoms Signs 
II 40 Gas, right lower Distention, right Hb. 8.6 


F quadrant pain lower quadrant 


Surgical 
Findings 


Roentgenologic 
Findings 


Laboratory 
Findings 


Filling defect in- Carcinoid of 
volving cecum and  ileocecal valve 





(Fig. 8, 4 and B) tenderness . :leocecal. valve 
I2 44 Abdominal pain Unremarkable Intramural filling 0.9 cm. nodule in 
M with meals defect of duodenal duodenum, 
(Fig. 6, B-E) bulb carcinoid 


DISCUSSION 


According to Dockerty,* 9 ๐ per cent of 
carcinoid tumors occur in the appendix. 
Metastatic spread to local lymph nodes has 
been reported in 3.5 per cent of 825 pa- 
tients. Tumors in the appendix are rarely 
detected by roentgenologic examination. In 
reviewing 149 cases of carcinoid tumors in 
locations other than the appendix, Mac- 
Donald!’ found 74 in the ileum, 17 in the 
jejunum, 27 in the large bowel, 14 in the 
stomach, and 8 in the duodenum. The 
remainder were in various other locations. 
This general distribution correlates well 
with the experience of others. 

The examination of the small intestine is 
complicated by its length of 22 feet, which 
constitutes 75 per cent of the gastrointesti- 
nal tract. Examination, however, is facili- 
tated with neostigmine sulfate as described 
by Margulis and Mandelstam." Our rou- 
tine is to obtain roentgenograms of the 
small intestine during all examinations of 
the upper gastrointestinal tract. 

Horsley and Golden,’ in a review of the 
world literature in 1957, reported 17 cases 
of authenticated carcinoid tumors of the 
duodenum and added 2 of their own. An- 
other case was reported in 1960 by Costello 
and Aitken.’ In our series, polypoid defects 
involved the first duodenum in 2 patients 
and partially obstructed the third duo- 
denum in another patient. 

The most distinctive feature of carcinoid 
of the small intestine, in our experience, is 
the multiplicity of areas involved in the 
bowel. Except for polyps, no other lesions 
show this multiplicity. If roentgenograms 


show kinking of the small bowel, as in sev- 
eral of our cases, the mass causing it is even 
more likely to be a carcinoid. Polypoid 
lesions in the duodenum and rectum were 
nonspecific. 


DIFFERENTIAL DIAGNOSIS 


In tumors of the bowel, carcinoma must 
be considered in the differential diagnosis. 
This disease is more commonly situated in 
the proximal small bowel, and is associated 
with a higher incidence of obstruction. 
Carcinoma tends to extend over a single 
short segment of the bowel. A lymphoma 
usually involves the small bowel more 
extensively than does carcinoid and, as a 
rule, is not associated with kinking of the 
bowel. In a review of patients with lym- 
phoma, Darling and Welch* reported that 
50 per cent had annular lesions. The intesti- 
nal mucosa is corrugated, and often the 
areas of lymphomatous invasion are exten- 
sive. With carcinoma of the ileocecal valve, 
the mass is larger and usually ulcerated. 

Another disease to be considered in the 
differential diagnosis is regional ileitis. The 
long, narrow, rigid segments of bowel as 
seen in regional enteritis were not encoun- 
tered in our series of cases of carcinoid. 

Carcinoids in the duodenum are not 
distinctive and may simulate adenoma, 
myoma, pancreatic rest, lipoma, or pro- 
lapsed mucosa. 


SUMMARY 


Gastrointestinal carcinoids in I2 patients 
are described. Three of the 12 had the carci- 
noid syndrome. The tumor was found in the 
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duodenum in 3. Carcirioid should be sus- 
pected if roentgenograms show multiple 
lesions in the ileum, particularly with buck- 
ling and angulation of the bowel. 


Alexander R. Margulis, M.D. 
Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco 22, California 
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PLEXTFORM NEUROFIBROMATOSIS OF THE COLON 
SIMULATING HIRSCHSPRUNG'S DISEASE* 
By TOM W. STAPLE M.D.,+ WILLIAM H. McALISTER, M.D.,4 
and M. SIDNEY ANDERSON, M.D.1 


ST. LOUIS, MISSOURI 


EUROFIBROMATOSIS is a disease 

with multiple manifestations. We 
have observed a patient with plexiform 
neurofibromatosis of the large bowel whose 
clinical and roentgenographic findings sim- 
ulated those present in Hirschsprung’s 
disease. 


REPORT OF A CASE 


This 8 year old white male (birth date April 
10, 19§5) was first seen in the St. Louis Chil- 
dren's Hospital on October 14, 1929 with com- 
plaints of chronic constipation, gigantism of 
the right lower extremity particularly. marked 
in the foot, and multiple large subcutaneous 
masses involving the back, buttocks, and right 
lower extremity. Between the ages of 8 months 
and 4 years, he underwent multiple surgical pro- 
cedures for excision of recurrent subcutaneous 
masses of the foot and back. Bilateral inguinal 
hernias were repaired at 31 months of age. 

The child was a product of a normal preg- 
nancy and delivery. There was mild mental re- 
tardation. Bowel movements had always been 
assisted by the use of cathartics and enemas. 

Physical examination demonstrated a small, 
somewhat malnourished child with the right leg 
markedly larger in diameter than the left, due 
to multiple soft tissue tumors. The right fourth 
and fitth toes with their metatarsals were ab- 
sent as a result of previous surgery. The abdo- 
men was protuberant. Superficial venous disten- 
tion was noted in the epigastrium. There were 
bilateral herniorrhaphy scars and a large soft 
tissue mass in the right posterior subcostal area 
at the site of a previous tumor excision. Several 
additional large tumors were noted on the left 
back and right buttock. A mild dorsolumbar 
scoliosis was present. No café au lait spots were 
seen. 

Barium enema studies (Fig. 1, Æ and B) dem- 
onstrated narrowing of the rectum and of the 
distal portion of the sigmoid colon. There was 
abrupt transition in the caliber of the lumen in 
the lower sigmoid. The large intestine proximal 


to this point of transition was redundant and 
dilated. Hyperperistalsis was evident in the sig- 
moid above the transition point. A considerable 
amount of stool was present proximal to the 
area of narrowing. On the postevacuation 
rcentgenograms, a sizable residue of barium per- 
sisted within the colon. The findings were felt 
to be consistent with Hirschsprung's disease. 

On November 25, 1959 frozen section rectal 
biopsies showed no ganglion cells. Conse- 
quently, a Swenson pull-through procedure” 
was performed. The distal 10 em. of sigmoid 
colon was resected along with most of the rec- 
tum. Frozen sections demonstrated an ade- 
quate number of ganglion cells at the proximal 
aspect of the resected segment. On permanent 
sections, however, ganglion cells were present 
throughout the entire specimen along with en- 
largement and increase in number of the nerves 
of the submucosal and myenteric plexuses (Fig. 
2, 3 and 4). There was short lived improvement 
in evacuation of the colon following surgery. 

On August 30, 1960 a large mass on the right 
back and buttock, measuring 12X 10X6 cm., 
was resected. Histologic examination. showed 
mature fat with large and small nerves coursing 
through it. The diagnosis was hvpertrophy of 
fat and nerves, neurolipomatosis. The previ- 
ouslv resected tumors of the foot and back had 
the same microscopic appearance. 

Because of continued difficulty in defecation 
during the 20 months following the Swenson 
procedure, a barium enema examination was 
done on July 20, 1961. [t demonstrated narrow- 
ing in the remaining rectum and distal colon 
with proximal colonic dilatation. Evacuation, 
however, was improved over that in 1929. 

By August 10, 1962, 33 months following 
surgery, the child was experiencing more 
dificulty passing stool and daily enemas and 
'athartics were only of limited effectiveness. A 
barium enema study at this time showed an 
area of narrowing in the distal colon similar to 
the previous study (Fig. 5). Barium sulfate 
administered orally was not handled well by the 
colon and accumulated above the narrowed 


* From the Edward Mallinckrodt Institute of Radiology f and Department of Surgical Pathology Washington University School of 
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segment, although evacuation aided by 
Lavema* at the time of the barium enema 
examination was satisfactory. 

On August 11, 1962 biopsies were taken ^ cm. 
from the anal verge. Examination of this mate- 
ral and review of the previous sections were 
interpreted as representing neu rofibromatosis of 
the rectum and colon and it was suggested that 
a resection be carried out to an area in which 
abnormal nerves were no longer present. On 
August 24, 1962 the child underwent cellotomy 
and plexiform neurofibromatosis was found on 
biopsy in the sigmoid colon. Serial biopsies 
were taken up to the mid-transverse colon at 
which point frozen sections suggested a de- 
crease in the extent of involvement by abnormal 
nerves, Subsequent resection of the left trans- 
verse, the descending, and the remaining sig- 
moid colon was carried out and the right por- 
tion of the transverse colon was anastomosed to 
the anal verge (lug. 6). 

Histologic examination of the resected colon 
demonstrated the nerves of the myenteric and 
submucosal plexuses to be increased both in 
size and number. The appearance resembled 


that in the previously resected sigmoid colon 
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increase in number and enlargement of the nerves 
in the myenteric plexus (H. & E. xs Hr 


A higher magnification demonstrating. an 


and rectum, There was no invasion of muscle or 
surrounding tissue by nerve elements, Ganglion 
cells were present in normal numbers through- 
out. Although abnormal nerves varied some. 
what from section to section, it was felt that 
there was no tendency toward decreased in. 
volvement at the proximal end of the specimen, 
as was Initially suggested on the frozen sections. 


An ascending colostomy done at the time of 


the colonic resection was closed on September 
29, 1962. On October 8, 1962 a wound abscess 
was drained. On November 1, 1962 he was 
again admitted for repair of recurrent bilateral 
inguinal hernias and varicoceles, A 2X C6 HR 
mass was noted at the inferior aspect of the 
colectomy scar. This was resected and on histo. 
logic examination demonstrated a cavernous 
hemangioma in addition to foreign body reac- 
tion from the suture. The two resections of the 
large bowel have thus far been ineffectual in 
alleviating the constipation, 


DISCUSSION 

Neurofibromatosis is prim arily ehar- 
acterized by subcutaneous nodules, skin 
lesions, and various neurogenic tumors.” 
To our knowledge this is the first reported 
instance of plexiform manifestation of these 
tumors in the colon. OF particular interest 
is the close resemblance, both clinicall v and 
roentgenographically, to aganglionic mega- 
colon. 

The bony lesions of neurofibromatosis 
have been described.” These include scolio- 
sis of varying severity, defects of the walls 
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of the orbits, erosive defects caused bv 
adjacent neurogenic tumors, bowing and 
pseudoarthrosis of the lower leg and dis- 
orders of growth of bone associated with 
elephantoid aypertrophy of the soft tissues. 
The onlv abnormal manifestation in this 
patient was elephantoid enlargement of the 
right leg and foot due to overgrowth of soft 
tissue tumors. The subcutaneous nodules 
roted on this patient were neurolipomata 
made up primarily of mature fat with en. 
larged nerve fibers. The association of sub- 
cutaneous lipomatous masses in patients 
with neurofibromatosis has been observed.!-3! 

The presence of neurofibromata within 
the gastrointestinal tract has been reported 
on numerous occasions.’ ^ *15.17,19,26,29.36,37 44, 46 
These lesions mav or mav not be associated 
with classic neurofibromatosis.^ Neuro- 
fibromata present themselves as ร น ไร ท า น - 
cosal tumors or tumors scattered through- 
out the distribution of the splanchnic 
nerves. The small bowel, appendix, and the 
stomach are involved most often. Fewer 
lesions have been reported in the colon and 
rectum, 0875213" All of those lesions previ- 
ously reported demonstrated localized tu- 
mors 1n one or more areas in contrast to the 
present case of diffuse plexiform involve- 
ment. 

The majority of gastrointestinal neuro- 
hbremata are asymptomatic. There ma v be 
gastrointestinal bleeding, occasionally mas- 
sive. Rare instances of intussusception 
andor perforation have been reported? * 

Plexiform reurofibromatosis was orig- 
inélly described as masses of nerves within 





Fic. 4. Normal appearing ganglion cells (arrows) 
were associated with the groups of enlarged nerves 
th-oughout the colon (H. & E. X 340). 


Vor. gt, No. 4 


the subcutaneous tissues, particularly in 
the extremities. Further enlargement ot 


these masses with proximal growth toward 
the central nervous system and eventual 
death by encroachment upon the spinal 
cord was commented on. tt Cases have 
been reported since involving various 
areas including the pharvnx,*!*i9?5 tongue,’ 
maxillary antrum,” orbit and globe,” 
neck, heart,” urinary bl uu ie ts 
geminal nerve, "I ear and nose.” 

The presence of Hirschsprung's disease” 
may be manifested from the first day of 
life or mav not be diagnosed until many 
vears later. The tvpical storv is one of 
chronic constipation with varying degrees 
of abdominal distention. There may be 
neonatal congenital megacolon, often pre- 
senting as del: iv in passage of meconium, 
early vomiting, and abdominal distention. 
Enterocolitis and/or exudative enteropathy 
mav be seen.® Obstruction may be partial, 





Fic. g. Barium enema study on August 10, 1962 at 
the age of 6 vears, 10 months, demonstrating almost 
identical findings as those seen on the initial ex- 


amination. 
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after resection of the 
distal one-half of the colon and anastomosis of the 
right transverse colon to the anal verge. Dilatation 
of the colon persists. 


Fic. 6. Barium enema study 


intermittent, or complete. Early episodes 
of obstruction may be relieved by passage 
of stool either spontaneously or with the 
aid of an enema. 99195 [ntermittent diar- 
rhea may confuse or delay the establish- 
ment of the correct diagnosis at any age. 

The roentgen diagnosis is based primarily 
on the barium enema examination demon- 
strating a narrowed poorly distensible distal 
large bowel segment with dilatation of the 
colon proximal to the involved area and 
poor evacuation of the colon. An uncleansed 
large bowel helps to accentuate the ditfer- 
ence between the dilated proximal segment 
and the narrowed distal segment. A detunc- 
tionalized segment following colostomy will 
tend to obliterate the area of transition. 
Delaved postevacuation lateral roentgeno- 
grams of the rectum have been quite helpful 
in the diagnosis of question: able cases. The 
characteristic proximal dilatation m us not 
be present in the neonate or during early 
infancy, Residual barium sulfate in the 
bowel 1 and 2 days after diagnostic 
studies is stronglv suggestive of Hirsch- 
sprung's disease. 

The narrowed distal aganglionic bowel 


S44 Tom W. Staple 
and the proximal dilated bowel filled with 
either fecal material, air, or fluid may be 
observed on the plain roentgenograms of 
the abdomen. In the neonate because of the 
difficulty in distinguishing large from small 


bowel, distal small bowel atresias and 
meconium ileus may be confused on the ab- 
dominal  roentgenograms. The barium 


enema study should differentiate these con- 
ditions as well as anal stenosis, meconium 
plug syndrome," and functional megacolon. 

The definitive diagnosis is made bv 
histologic examination of the involved large 
bowel showing the absence of ganglion cells 
in the myenteric plexus. Swenson ef al” 
have described a method of biopsy of the 
muscular wall of the rectum. An adequate 
specimen of muscle is not always obtained. 
Bodian (quoted by Langer and Thomson?) 
biopsied the rectal mucosa looking for 
changes in the submucosal plexus similar 
to those seen in the myenteric plexus. The 
changes in the latter method mav be diffi- 
cult to interpret. Hiatt?! recommends a 
posterior approach to the rectum with 
small transverse incisions midway between 
the anus and coceyx in order to get a 
more satisfactory specimen of muscle wall 
without entering the rectal lumen. 

In the child under consideration, the 
roentgenographic findings were similar to 
Hirschsprung's disease as there was a 
narrowed segment of rectum and sigmoid 
with proximal colonic dilatation and poor 
evacuation of the contrast material. A 
rectal biopsy on frozen section showed no 
ganglion cells; however, the permanent 
sections demonstrated the presence of nor- 
mal appearing ganglion cells with an in- 
crease in size and number of the associated 
nerves. The exact relationship between the 
abnormal nerves and function of the colon 
is unknown. 

The initial surgical treatment in this pa- 
tient was resection of most of the rectum 
and a 0 of xe sigmoid. This did not 
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resect a gre eater portion ol the colon with a 
view towar d เว the Icd Lus 


; William H. McAlister and M. Sidney Anderson 
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nerves became fewer in number. This point 
was suggested in the mid-transverse colon 
bv frozen sections but was not confirmed 
on permanent preparations. To date, there 
has been little change in the degree of 
constipation tollowing removal of the distal 
one-half of the colon. 
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X GENOGRAPHY 


BEVERLY HILLS, CALIFORNIA 





I N GASTROINTESTINAL roentgeno- 
2 logic procedures, compression techniques 
are acknowledged as a sine gua non for the 
detection and demonstration of lesions not 
otherwise disclosed. The coned attachment 
of the serial spot filmer is the mest com- 
monly used compression device. Manual 
manipulation with the lead protected 
gloved hand is also utilized to a great 
extent and offers ease of graded compres- 
sion. Localized pads of nonopaque material, 
when used for this purpose, do not lend 
themselves well for grading the compres- 
sion. 

In the past many authors have stressed 
the value of a pneumatic paddle for com- 
pression. purposes in studving the upper 
gastrointestinal tract and the gallbladder 
with its ducts.'-* This report will concern 
itself with the use of such a pneumatic 
compression paddle as a means of disclosing 
and documenting lesions in the colon. 

The pneumatic compression device, 
shown in Figure 1, Æ and B,* has been 
successfully employed for purposes of 
delineating colonic lesions not otherwise 
demonstrable. It consists of a banjo like 
frame made of five plv plexiglass with a 
round housing and sturdy handle. An in- 
flatable rubber bladder is installed in the 
round housing with an inflation controlling 
bulb at the end of the handle. The handle 
is notched to provide a nonslip grip. Im- 
bedded in the round plexiglass housing is a 
lead circle which surrounds the inflatable 
bladder and clearly shows fluoroscopically 
the region under compression. The inflation 


€^ 


compression. The back of the paddle has a 
rubberized cork facing so it will not slip on 


* Manufactured by Pennsylvania X-Ray Corporation, Glen- 
side, Pennsylvania, 





Fis. 1. (4) Frontal and (B) profile views of the 
pneumatic compression paddle with its rubber 
bladder partia ly inflated. 


the roentgenographic table once it is in 
position. 

Because of the flexibility of the compres- 
sion paddle, it can be used anywhere on the 
recumbent abdomen including the costal 
cage. Its best application is made with the 
patient prone, but it can also be used with 
the patient supine between the locked 
fluoroscopic screen and the patient. 


METHOD OF USE 


In positioning the paddle to the area of 
interest, the device should be grasped close 
to its neck since this permits more accurate 


* Associate Clinical Professor of Radiology, University of California zt Los Angeles, California. 
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Fic. 2. (4) Redundant overlapping sigmoid colon with the transverse colon also superimposed on it. 
(B) Compression paddle separates and thins these loops for adequate visualization and diagnosis. 


initial positioning. For minor adjustments 
thereafter, the paddle can be manipulated 
with its notched handle. The lead ring 
surrounding the bladder will guide the 
fluoroscopist to the colonic segment under 
studv, and rotation or movement of the 
patient to an optimum position can be ac- 
complished with the paddle in. place and 
the bladder deflated. Movement over the 
inflated rubber bladder will tend to pull it 
out of the opening of its housing. Initially, 
the bladder can be overinflated, and then 
with gradual deflation or reinflation, the 
proper amount of graded compression to 
demonstrate the lesion can be attained. 
Under table spot roentgenograms are made 
in the optimum phase of respiration for 
showing the lesion, or the prone patient can 
be left centered in position with the paddle 
in place for over table roentgenography. 


EXAMPLES OF USE 


Accompanving figures show the value of 
the pneumatic compression paddle for the 
demonstration. of lesions not otherwise 
shown or not shown to an optimum degree 
บ ล อ 7 and 5). 


In the pelvic portion of the colon (includ- 
ing the iliac and = sigmoid segments) 
marked redundancy with overlapping of 
loops represents the best indication tor the 
use of this device (Fig. 2, ,7 and B). In 
some patients the transverse colon dips 
down to overlav the pelvic colon (Fig. 2.7 
and 8.7), and in others a ห อ ห ง long mobile 
cecum may obscure the pelvic colon. 
When spillover has occurred into the small 
intestine, the graded compression applied 
to the pelvic portion of the colon and the 
barium filled small intestine often separates 
these loops so that proper study can be 
made. 

The flexures are usually inaccessible to 
direct compression with a cone, but with 
the patient prone, the compression paddle 
does give rise to some fixation and thinning 
of the part so that itis very valuable in the 
demonstration of lesions of the flexures. It 
is quite important that the proper phase of 
respiration be emploved when studving the 
flexures, since deep inspiration occasionally 


permits the flexures to drop below the 
costal cartilages of the rib cage. 


The ascending and descending portions 
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of the colon, as well as the transverse por- In the cecum the paddle is an extremely 
tion, can often be adequately compressed important adjunct. It helps differentiate 
without this device, but for purposes of ileocecal valve ips, polvpoid tumors, and 
immobilizing a polypoid lesion that freely inverted appendiceal stumps (Fig. 7, Æ and 
floats on a pedicle, "transfixation" bv B). 

means of the pneumatic compression pad- 

dle not only stills the part but also brings 
into sharp relief the lesion under study 











CO 





CLUSIO 
The pneumatic compression paddle pro- 
vides guided graded compression studies of 


Nene’ 












Fic. 3. (4) The sigmoid and iliac portions of the colon both harbor pedunculated polypoid lesions which are 
not shown without the benefit of graded compression. (B and C) Compression with the paddle thins the 
part and stills it, thus "transfixing" the pedunculated lesions for documentation. Arrow jn B points to the 
buried lead circle in the paddle for proper fluoroscopic placement. 
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of) The colon at the brim of the pelvis appears normal on a roentgenogram made with high kilo- 


AN rim 7 
EA : 


ge technique. (8) The pedunculated polypoid lesion in this region now stands out sharply because it 
is Axed by the compression paddle. Arrow points to the leac ring surrounding the rubber bladder. 





M eue 


Xp. 


y 
ED. 


Hs 
ผู 


KE 


ER 
CM 








"Ro. A 





er large inverted appendiceal stump. 


, the granulomatous lesion which was ulce rating and was a 
source of anemia is clearly visualized. 
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T) The cecum without compression does not snow the r 
(5) With the pneumatic compression paddle 
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Vic. 8. (4) The pneumocolon spot roentgenogram shows the low-lying transverse colon overlapping the 


sigmoid. (B) The pneumatic compression paddle has displaced the mid-transverse colon cephalad and 
apart from the sigmoid to show a Hat villous adenoma (arrows) on the lower margin of the mid-transverse 


colon. 


the colon and is a most valuable adjunct in 
the demonstration of lesions often other- 
wise not shown. The device not only im- 
mobilizes and thins the part but effectively 
displaces overlapping intestinal loops that 
often prevent proper disclosure and demon- 
stration of colonic lesions. 


436 North Roxbury Drive 
Beverly Hills, California 
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NTRACOLONIC PRESSURES DURING BARIUM 
IEMA EXAMINATION* 


By RICHARD J. NOVEROSKE, M.D. 


EVANSVILLE, INDIANA 


A7 HILE performing barium enema ex- 

aminations, the author has often 
wondered whether the barium can safely 
be raised above 3 feet when the flow is 
slow. The solution of this problem de- 
pends on the answers to the questions, 
“What is the pressure tolerance of the 
colon?" and "What pressures are developed 
when a barium sulfate suspension is intro- 
duced into the colon?" To obtain these 
answers 4 tvpes of experiments were 
carried out. 


EXPERIMENT NO. 1 
COMPARISON OF PERFORATING TENSIONS OF 
LIVING AND DEAD DOG INTESTINE 

While the pressures required to perforate 
segments of human intestine at autopsy 
have been known for some time,’ it is recog- 
nized that there is an argumentative leap in 
extrapolating data from postmortem intes- 
tines to living human intestine. In an effort 
to bridge this leap, segments of intestine 
were perforated in 3 dogs, anesthetized 
with sodium pentothal, by injecting $0 cc. 
increments of air at a rate of about § cc. per 
second; the air was injected into a Y-tube 
that connected a Bardex balloon catheter in 
the tested segment of intestine, with a 
mercurv manometer. The volumes of air 
and the intraballoon pressures at the times 
of perforation of the muscularis and the 
mucosa were recorded (lig. 1, 4 and B); 
the pressure transmitted to the gut wall was 
calculated by subtracting the intraballoon 
pressure for a given volume of air with the 
balloon out of the intestine from the intra- 
balloon pressure for the same volume of air 
when the balloon was in the intestine. This 
subtraction, described by Nathan and 
Kohen’ yields a difference that is the pres- 
sure exerted by the gut wall against the 





lic. 1. (4). Perforation of intestine occurs in two 
steps. In this photograph the first step, a longi- 
tudinal split of the serosa and muscularis is high- 
lighted. (B) With more distention the mucosa 
ruptures. Human intestine perforates in the same 
manner as this specimen of dog gut. 


balloon in the intestine. Since action equals 
reaction, this pressure exerted by the gut 
wail against the balloon is equal to the pres- 
sure transmitted by the balloon through 
the gut wall. 

The 3 dogs were sacrificed, and the pro- 
cedure was repeated on adjacent segments 
of jejunum, ileum, and colon at intervals of 
2, 4, and 6 hours after death. The circum- 
ference of each perforated segment was 
measured; then the calculated radius was 
multiphed by the calculated pressure trans- 
mitted through the gut wall to determine 
the tension in the segment at the time of 
perforation of the muscularis and the mu- 
cosa. This application of the LaPlace theo- 
rem to cylinders of tissue is discussed by 
Burton,’ and it is expressed by the formula: 
T=PR (Fig. 2). The tension, or force, 
tending to tear open the cylinder on either 
side of an imaginary slit in the wall is the 


* Work done at the Department of Radiologv, Indiana University Medical Center, Indianapolis, Indiana, and the U, S, Veterans 


Administration Hospital, West Tenth Street, Indianapolis, Indiana, 
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product in dynes of force per centimeter 
length of slit when the transmural pressure 
in dynes per square centimeter is multiplied 
by the radius in centimeters. 

These calculated tensions, in thousands 
of dynes per centimeter, are compared (Fig. 
3) rather than transmitted pressures or 
balloon volumes because tensions take into 
account the radii in addition to the trans- 
mural pressures. Although there 1s consid- 
erable variation, there is no consistent 
difference in the tolerance of dog intestine, 
with the animals alive or dead up to 6 
hours. 

The intestines of 4 other dogs were per- 
forated with the dogs under anesthesia or 
dead up to 6 hours, but in these 4 dogs the 
balloon volumes or the intermittent pres- 
sures obtained without a Y-tube were 
measured. In these dogs also, no real differ- 
ence was found between adjacent segments 
of intestine whether alive or dead. Because 
of the difference in method, these data 
could not be included in Figure 3. 


EXPERIMENT NO. 2 
DETERMINATION OF HYDROSTATIC PRESSURES 
FOR BARIUM ENEMA SUSPENSIONS 

The measurement of barium enema 
pressures was approached by measuring the 
pressures created in a tightly sealed jug 





Fic. 2. Diagram of the LaPlace theorem as applied to 
cylinders. Although the pressure is the same in 
each cylinder, the tension that is pulling apart the 
wall of the cylinder with a radius of 2R is twice the 
tension in the cylinder with a radius of R. 
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PERFORATING TENSIONS* FOR MUSCULARIS AND MUCOSA OF INTESTINES 
IN THREE DOGS, ALIVE AND DEAD 


12Kp DOG ALIVE SAME DOG, DEAD 2 HRS. 


ha Sear 
JEJUNUM 


ILEUM 


1200 1000 B00 300 400 200 0 200 400 G00 800 1000 1200 
INCHEASING TENSION INCREASING TENSION 

Muscularis 

E 

against 


* Prodnets of radii af perforated segments times calculated pressures 
wall from a bardex balloon rectal catheter, Teen MI DOUG 
thousands of dynes par centimeter. 


Fic. 3. A diagram showing the perforating tensions 
for the muscuaris and mucosa of intestines in 3 
dogs, alive and dead. The perforating tensions are 
the products of the radii of the perforated segments 
times the calculated pressures against the gut wall 
from a Bardex balloon rectal catheter. The ten- 
sions are plotted in thousands of dynes per centi- 
meter. 


when barium suspensions from varied 
heights were released into a condom in the 
jug, via + or $ inch internal diameter tubes. 
Tap water and three different barium sus- 
pensions with their surfaces 3, 4, 5, and 6 
feet above the mouth of the jug were run 
into this artificial rectum (Fig. 4). The 
barium sulfate suspensions used were: 20 
per cent U.S.P. barium sulfate, specific 
gravity 1.15, low viscosity; 20 per cent 
I.U.M.C. barium,* specific gravity 1.15, 
medium viscosity; and 40 per cent 
I.U.M.C. barium, specific gravity 1.30, 
high viscosity. In these three barium sus- 
pensions, the per cent is the number of 
grams of dry barium sulfate per ioo cc. 
suspension. 


* Indiana University Medical Center barium sulfate suspension, 
Formula No. 319. 
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TABL= | 


HYDROSTATIC PRESSURES FROM BARIUM ENEMA APPARATUS WITH i INCH INTERNAL DIAMETER TUBE: 
MEASURED PRESSURES" ARE IN CENTER OF EACH BOX; CALCULATED PRESSURES ARE IN LOWER 
RIGHT HAND CORNER 





Plastic Tip Bardex Balloon Catheter 
Wolf “N enema tip" No. 259 #141 (Webber Model) 
Height 
above 
“rectum” 20% 40% 
(in feet) | Water Barium | LU.M.C. | LU.M.C. 
Barium | Barium 
sulfate 
3 56 62 68 76 
62 Ju 71 8o 
4 8 ๐ 88 96 108 
84 97 97 IIC 
5 104. 116 122 132 
107 124 123 13g 
6 126 142 150 162 
129 148 148 168 





* All pressures are recorded in mm. of mercury; measured pressures are the average of 3 readings multiplied by two. 
P P ng P 


After an initial bounce of the mercury 
column with the less viscous materials, the 
mercury rose to about the same level for a 
given barium from a given height, no mat- 
ter what tube or enema tip was used, as 
expected. Comparison of the measured and 
calculated hydrostatic pressures in Tables 1 
and 11 reveals some variation. The variation 


was even larger initially when the measured 
pressures were compared with pressures 
calculated for the distance from the barium 
level in the container to the center of the 
jug. Examination of the column being 
measured revealed that the height above 
the uppermost level of water in the jug 
should be used in calculating the hydro- 


Tasce II 


HYDROSTATIC PRESSURES FROM BARIUM ENEMA APPARATUS WITH i INCH INTERNAL DIAMETER TUBE: MEASURED 
PRESSURES” ARE IN CENTER OF EACH BOX; CALCULATED PRESSURES ARE IN LOWER RIGHT HAND CORNER 





Plastic Tip 
Height Wolf “N enema tip" No. 259 
above 
* rectum" 


(in feet) 





Bardex Balloon Catheter 
$141 (Webber Model) 


Miller Metal Tip 








* All pressures gre recorded in mm. of mercury; measured pressures are the average of 3 readings multiplied by two. 
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static pressure of this system. In a rigid 
container filled with a liquid, the pressure is 
the same evervwhere (Pascal's law). A 
manometer connected to a liquid-filled 
container will level at the height of the 
uppermost level of liquid. This level of the 
manometer becomes the zero mark for 
measurement of additional pressure, and its 
equivalent, the uppermost level of liquid in 
the container, serves as the zero ก for 
calculation of hydrostatic pressure. 


EXPERIMENT NO. 3 
MEASUREMENT OF BARIUM SUSPENSION FLOW 
RATES AND CALCULATION OF EQUIVALENT 
PRESSURES 

The flow rates for water and the three 
barium suspensions of Experiment No. 2 
were measured with the enema can at dif- 
ferent heights and with several combina- 
tions of tubes and enema tips. These flow 
rates are shown in Tables m and 1v. The 
flow rates in cubic centimeters per second 
were divided bv the effective cross-sectional 
area of the tube and tip in square centi- 
Fic. 4. The apparatus used to measure hydrostatic Meters in each case to obtain the average 

pressures: jug filled with water, condom over end velocity of the barium or water in centi- 
of Bardex rectal catheter, tubes, manometer, and meters per second. The average velocity 
barium suspension container. Jug has an internal could not be calculated in most cases he: 


diameter of 16 cm. 
cause of inabilitv to determine the effective 





Tage HI 


FLOW RATES AND EQUIVALENT PRESSURES FOR i INCH TUBE: MEASURED RATE S* ARE IN UPPER LEFT 


CORNER; EQUIVALENT PRESSU RES** ARE IN LOWER RIGHT CORNER 






pas IMMUNE UMP iie M tahoe 





Plastic Tip í Bardex Balloon Catheter 
ut | Wolf *N enema tip" No. 259 i play | (W Dodd 
แล ลั ล ร ฑ์ ส ล ส อ TEE | เ “ * 0 


can above | 










H j i | j 
i i AOE y^ | $ a: i " | ; น 
table | | USP | 20% | 40% | US. p. | 20% | 40% 
(n feet) Water 4 Par LU.M.C. | LU.M.C. Water 2. | LU M. C. | LU.M.C. 
| | Barium Bara | " | Barum | p | Bari 
| alte | arium | Barium | sulfate | Bar ium | arium 
2 ฝ ฑ ื ็ ไฝ i m Hence en 
n (3 | 29 ae | Ko | 27 | 26 9 |o xb 
| (9|. 4-7) C060] (.006) | | | | 
ERRARE ait TEE POV ION ON TT 2 ็ ็ ฑ ร ท ็ 6 ร 90. น 8 0 m 
SU l : | | 1 | | | 
4 37 | 36 | 14 “ | 22 | jy] T EE — 314 
——À———— Ma ว ว ศศ m de ar RUP TU. | เห แง ต ม อ ม | ern RE | 8 โ HEBR ERR ] —————— — 
ผู | 40 | 40 | 18 | 1.8 | 36 | 54 15 | 1.4 
| (7-6) | (8-8) | (0.8 | C020) | | | 


* Flow rates are in cc./sec. through 7 feet of } inch internal diameter tube. 
** Equivalent pressures are in mm, of mercury. 
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TABLE IV 


FLOW RATES AND EQUIVALENT PRESSURES FOR i INCH TUBE: MEASURED RATES* ARE IN UPPER LEFT 
CORNER; EQUIVALENT PRESSURES*"* ARE IN LOWER RIGHT CORNER 


























Plastic Tip 
i i, Bardex Balloon Catheter ; : 
Height Wolf “N enema tip" No, 259 J141 (Webber Model) Miller Metal Tip 
of can 
above 20 20%, 20% 
table Use. 2076 | 4070 USP. | 20% USP. 20% 
(in feet) Water Barium LU.M.C. LU.M.C. Water Barium LU.M.C. LU.M.C. Barium LU.M.C. IU.M.C, 
Barium | Barium walface Barium | Barium sulfate Barium 
25 3.6 38 37 38 
(1.2) 
32 5.0 46 46 53 
(2.4) 
40 6.0 48 50 69 








* Flow rates are in cc./sec. through 7 feet of 4 inch internal diameter tube. 


** Equivalent pressures are in mm. of mercury. 


cross-sectional area when tubes and tips of 
varying internal diameters were used. 

For those tube-tip combinations with 
fairly constant internal diameters, the 
calculated velocities were converted to 
equivalent heights of liquid by use of the 
formula: V?=2gh (Ippen*). The equivalent 
heights of the water or barium suspensions 
were multiplied by their specific gravities 
and divided by 13.6 to convert them to a 
mercury column of equivalent pressure. 
The equivalent pressures that could be 
calculated are also listed in Tables r1 and 
Iv. 


EXPERIMENT NO. 4 


MEASUREMENT OF RESTING AND SPASM PRES- 
SURES IN COLONS DURING BARIUM ENEMAS 


The intrarectal pressures during barium 
enemas with the bottom of the enema can 4 
or 5 feet above the table top were measured 
in 100 adult patients. A mercury manome- 
ter was tapped into the barium enema tube 
at a short distance "upstream" to the rec- 
tum, and the intrarectal pressures were 
measured after the barium tube was 
clamped (Fig. 5). This arrangement con- 
nected the colon content to the manometer 
by an essentially nondistensible, liquid- 
filled tube. It appeared reasonable to as- 
sume that the intrarectal pressure was the 
same as the intracolonic pressure, in the 
absence of an intervening spastic segment 





of colon. In fact, Rendleman ef al? meas 
ured rectal and cecal pressures simultane- 
ously in dogs and found the pressures iden- 
tical below 25 cm. of water; at pressures 
above 25 cm., the rectal pressures were no 
more than Io per cent higher than the cecal 
pressures. 

One might think that measurement of 
the intrarectal pressure at rest is not a valid 
measurement for barium enema pressures, 
but that pressure should be measured with 
the barium flowing into the rectum. How- 
ever, if the position of the manometer tap is 
moved toward the enema can, the manom- 


ง 


al 
| 


LETTITUENTTTTTE 


Fie. 5. A diagram of the method used to measure 
intracolonic pressures. The enema tube is clamped 
above the manometer tap, and a resting intra- 
colonic pressure of approximately 20 mm. Hg is 
present. 
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eter will indicate progressively higher pres- 
sures. This gradient of pressure is to be 
expected, for energy is expended 1n over- 
coming the internal friction of the barium 
and the friction of the tube. The farther the 
liquid moves down the tube, the less energy 
is available to be manifested as pressure 
(Bernoulli's theorem). This variation of 
pressure with the position of the tap indi- 
cates the worthlessness of attempting to 
measure intrarectal pressure from a tap into 
the barium tube with the barium flowing. 

With the barium tube clamped (Fig. 5), 
the resting pressure in the colon is fairly 
steadv; quiet respiration does not alter it. 
As the colon is filled, or as time elapses, the 
resting pressure may increase or decrease 
from 2 to 20 mm. Hg, but this change is a 
gradual one. Straining or spasm increases 
the intrarectal pressure, but 1t returns to 
approximately the same level when the 
strain or spasm ends. Repeatedly interrupt- 
ing the barium flow almost always causes 
the same pressure to appear on the ma- 
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nometer; thus the resting intracolonic 
pressure is a fairly reproducible finding. 
The maximum resting intracolonic pres- 
sures were recorded in 83 adult patients 
with the enema can 4 feet above the table 
top. These pressures ranged from 8 to 38 
mm. Hg, with a mean of approximately 22 
mm. Hg (Table v). Table v also shows the 
confidence limits for anticipated maximum 
pressures in future cases, calculated ac cord- 
ing to a method from Fraser and Gutman.‘ 
Since these pressures were measured in a 
U-tube manometer, requiring multiplica- 
tion of the observed readings by two, no 
odd-valued pressures are included, and 


accuracy greater than 2 mm. Hg is not 
possible. 


In each of 37 patients, after the maxi- 
mum resting pressure had been measured 
for the colon filled with the bottom of the 
can 4 feet above the tabletop, the barium 
flow was started again. Then the bottom of 
the enema can was raised to § feet with 
further filling of the colon; the hose was 


TABLE V 


STATISTICAL ANALYSIS OF MAXIMUM RESTING PRESSURES IN COLONS WITH ENEMA CAN AT 4 FEET 


Pressure ] Distribut | Confidence limits for maximum pressure to be expected 
| | stribution oo | : - : | 
(mm. Hg) ง l s | in future cases from same population as sample 
VERO NUS ท 9990 ๐ ๐ ee aCe OG rc NES 
8 | 2 | | 1: 9 uus a m ; 
๊ Confidence MET ME | | Upper Confidence 
1o i 4 | ป a | 0g7 if ต 1 ux ES bg < z ! 
| | | Coefficient | / | ได 6 f+a'¢s 
12 | 4 | H | 
1 4 | £ = = 5+++++1+++5+++++1 แ น น น แ แ 111 แ ฟู 0 ๓๐0 : IC 
> | . i 
16 | 9 | 75 682 l 26.8 
18 | 6 | | 
H 
20 | 14 .90 | 12300 | 3i 
99 | 7 | 
aa | P -95 | IsO | Ad. 
26 | 5 | | 
28 | 8 . 99 | 3:398 | 19.3 
30 | 5 | | 
ก i 
32 | 3 | "999 | 3.214 | 45.4 
34 | 5 | | 
36 ๐ | -9999 | ร ะ 032 | $0.6 
^ i H i 
2 1 pace | . 99999 | 4.562 | PES 
n 93 | | ) 
x 1,810 | 999999 | 5.159 | $9.7 
22x 0 43, 884 | | 
a 21.807 -9999999 | 5.725 | 63.8 
2 ร สห ึ ง ถิ : i 
$^ 53. 516 i | 
7.3359 ป 
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17 Patients 


Fic. 6. A diagram of the spasm pressures that occurred in 100 patients during barium enemas; 83 patients 
received low or medium viscosity bariums; 17 patients received a high viscosity barium from 1 foot . 


higher. 


reclamped, and the maximum resting pres- 
sure was again measured. A small increase 
or decrease ไท maximum resting pressure 
occurred in some patients, but when the 
pressures were analyzed as a group, no 
significant difference was found between 
maximum resting pressures at 4 feet com- 
pared to those at § feet. 

During these barium enemas, elevations 
of pressure that ranged from small, transi- 
ent rises to high pressure cramps persisting 
for 30 to 60 seconds were encountered. 
These spasm pressures were measured in 
the absence of straining; the addition of 
straining increased the intrarectal pressure 
an additional 170 mm. Hg in one patient. 
The spasm pressures observed in 83 pa- 
tients with the enema can at 4 feet and a 
barium of low or medium viscosity are 
shown in Figure 6. The spasm pressures 
that occurred in 17 patients with the enema 
can at § feet and a high viscosity barium 
are also plotted in Figure 6. The mean of 
the maximum resting pressures for filled 
colons is abbreviated in title and drawn as a 
line on this figure and the following one. 
Some of the spasm pressures are lower than 
this mean value because the maximum 
resting pressures in some individuals were 
very low, 8 mm. Hg, for example. 


In the 37 patients for whom the enema 
can was raised to 5 feet after the colon had 
been filled from a height of 4 feet with a low 
cr moderately viscous barium, new and 
higher spasm pressures were observed (Fig. 
7). A sustained spastic pressure of 112 mm. 
Hg occurred in 1 patient under these condi- 
tions; this pressure was not due to strain- 
ing, and it was present with the barium 
tube clamped. 


DISCUSSION 


In the findings from Experiment No. 1 
(Fig. 3) the absence of a definite difference 
between perforating tensions for dog intes- 
tine, whether alive or dead up to 6 hours, 
validates insofar as possible the application 
of the Burt! data to living human intestine. 
A portion of Burt's data with pressures 
converted to mm. Hg is presented in Table 
vi. These data indicate the pressure toler- 
ance of segments of the colon and ileum. 
They also demonstrate the effect of diame- 
ter on tolerance to pressure (Fig. 2); the 
small intestine has a greater tolerance for 
pressure than the large intestine, particu- 
lerly the cecum or transverse colon, and the 
colons of infants have a greater pressure 
tolerance than the corresponding segments 
of adult colons. | 
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In Experiment No. 2 recognition of the 
error in calculating pressures from the 
center of the Jug to the barium level in the 
can points to a potential error in the clinical 
situation. There is a tendency to calculate 
the hydrostatic pressure during a barium 
enema by multiplying the height of the 
column above the table by its specific grav- 
ity. The colon, not the table top, receives 
the enema. The anus lies about 7 to 9 cm. 
above the table in most supine patients. 
Part of the sigmoid colon lies at the level of 
the anus, but the proximal sigmoid and 
descending colon are known to lie at a 
higher level, as diagrammed in Figure 5. 
This highest level of the colon is estimated 
to lie about 14 to 18 cm. above the table 
top. There is usually 16 cm. or more height 
of barium in the can at the beginning of the 
enema, and this increment offsets the ele- 
vation of the descending colon above the 
table; one can use the distance between the 
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bottom of the enema can and the table top 
as an approximation of the total head of 
pressure. Other variations in the effective 


‘height of the enema column occur when the 


patient is turned, or when spasm occurs in 
the sigmoid and essentially lowers the 
uppermost level of barium in the colon. One 
should be aware of these variables. 

If one uses the data in Tables 1 and 1 to 
approximate the hydrostatic pressure be- 
tween the bottom of the enema can and the 
table top, 6 to 8 mm. Hg should be added to 
these values, for both the measured and the 
calculated values are based on columns that 
are 8 cm. shorter than 3, 4, 5, or 6 feet. 

The data from Experiment No. 3 (Tables 
ni and 1v) demonstrate a faster flow rate 
for water and 20 per cent U.S.P. barium 
than for 20 per cent I.U.M.C. or 40 per cent 
I.U.M.C. barium. No suspending agent is 
present in the first two materials, but the 
I.U.M.C. bariums contain carboxymethyl- 


TABLE VI 


BURSTING PRESSURES* OF SECTIONS FROM THE RECTUM,** SIGMOID, TRANSVERSE COLON, 
CECUM, AND ILEUM (AFTER BURT!) 


Rectum Sigmoid 


Un 
น 











556 
278 
— — 526 
278 
119 
179 
139 
198 
139 
119 
139 
โ 39 
139 
119 
134 


248 
— — 6 ๐ 
119 


SEE WHEE EZEEUUEUE 








Transverse 
Colon 





* Segments of gut were perforated with compressed air; rate of pressure increase was about 20 mm. Hg per second. These pressures 
tabulated in psi in Burt’s paper, have been divided by o.o1915 to convert them to mm. Hg. 
** Segments of rectum were dissected out of the pelvis, prior to testing. 
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Additional pressures in- 
duced In same patients after can 
raised to 5 feet. 
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37 Patients 


Fic. 7. A diagram of the spasm pressures that occurred in 37 patients who received low or medium viscosity 
bariums. On the left are the pressures present initially with the enema can at 4 feet; on the right are the new 
pressures that appeared after the can was raised to 5 feet. 


cellulose; there is twice the amount of this 
suspending agent in the 40 per cent barium 
as in the 20 per cent barium. The impor- 
tance of increased viscosity due to the 
suspending agent is dramatized by com- 
paring the stream of 20 per cent I.U.M.C. 
barium coming from a 4 foot enema can 
through a ł inch tube (Fig. 877) with the 
dripping ooze of 40 per cent LU.M.C. 
barium coming from a 5 foot enema can 
through a $ inch tube (Fig. 85). Doubling 
the amount of suspending agent offsets a 
wider diameter tube, higher enema can, and 
higher specific gravity to produce a trickle. 

The barium flow rate data of Miller’ 
(Table vit) demonstrate the fastest flow 
rate for U.S.P. barium sulfate in water. The 
other bariums contain suspending agents 
and flow more slowly. These flow rates 
indicate the relative viscosity of a number 
of barium suspensions. 

The equivalent pressures calculated in 
Experiment No. 3 help to validate the 
method used in Experiment No. 4; in this 
experiment pressures were measured in the 
colon when the barium was not flowing. 


The difference between resting pressures 
determined by this method and the true 
resting pressures is small, for the calcula- 
tion of equivalent pressures from the kine- 
tic energy of the barium flowing through 
the various tubes and tips yields pressures 
ranging from a fraction of 1 mm. to II mm. 
Hg at the most. The increment of pressure 
to be added to the resting intracolonic 
pressures measured by the method shown 
in Figure 5 will almost always be less than 7 
mm. Hg. Because of the distribution of the 
maximum resting intracolonic pressures 
(Table v), it is doubtful that addition of 
these equivalent pressures would be recog- 
nized except as a trend in a group. 

In interpreting the upper confidence lim- 
its of Table v, a degree of uncertainty is 
present because of the size of the sample. 
For example, in this Table.it is estimated 
that there is only 1 chance in 10,000 of 
finding a case with maximum resting pres- 
sure greater than 50.6 mm. Hg. The 50.6 
value is made higher than necessary. to 
compensate for the uncertainty due to the 
sample size. If we knew the complete 
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Vic. 8. (A) The importance of viscosity. In this 
photograph 20 per cent L.U.M.C. barium is flow- 
ing through a } inch internal diameter tube from a 
can 4 feet above the table. (B) In this photograph 
40 per cent LU.M.C. barium is trickling through 
a 2 inch internal diameter tube with the enema 
can at $ feet. 


ikely that 
be greater 


vel 


population distribution, it is l 
fewer than 1 in 10,000 would 
than so.6 mm. Hg. 

It must also be said that the method used 
to measure these resting pressures does not 
rule out small pressure elevations due to 
slight, undetected contractions of the colon. 
No tracing of the pressures was made. 

It is believed that the spasm pressures 
observed during these enemas are due to a 
slowing or stopping of the barium column 
by the Type 11 waves or Type 1v waves ot 
the colon described by Code ez al? When 
movement of the barium column slows or 
stops, energy formerly used to overcome 
friction or impart velocity to the column ts 
manifested as pressure (Bernoulli's theo- 
rem). The highest pressures are probably 
due to Type 1v waves (mass peristalsis) 
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Taste VII 


BARIUM SULFATE SUSPENSION FLOW RATES (AFTER 
MILLER’) (FOR 1 PINT OF SUSPENSION AT ROOM TEM- 
PERATURE THROUGH 6 FEET OF TUBE. BOTTOM OF 
ENEMA CAN IS 3 FEET ABOVE TABLE; 2 QUARTS OF 
SUSPENSION ARE IN THE CAN INITIALLY) 


Times (n seconds or 
minutes plus seconds) 


;/3a2* inch | 3/8 inch 
Tube Tube 


Suspensions 


49 76 





Baridol ELSE 
Barium Sulfate Com- | 
pound (Mallinckrodt) | 





Basolac 
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Gastropaque 


nl 
c" 
แต้ 
ttt 
Zu 
- 
— 
ta 


Mm merat meet 


LU.M.C. Barium | | | | 
Suspension | ae ร ณะ 19 Pte 26 





LX. Barium | 38 | 4 | IO | T4 





MI icropaq ue l 28 
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* Most 1/4 inch internal diameter enema tubes are really 7/32 
inch internal diameter. 

** €^ concentration is by weight of barium sulfate per 100 cc. 
suspension in. LU. M.C. barium suspension or U.S,P. barium 
sulfate in water. Concentration of other suspensions is by weight 
of commercially available dry powder per 100 cc. suspension, 


stopping the barium column. With the anal 
canal blocked by a balloon, these high 
pressures often persisted for 30 to 60 sec- 
onds, until the spasm subsided. 
Comparison of the spasm pressures ob- 
served in Experiment No. 4 with the hydro- 
static pressures for the same conditions 
(Tables t and 1) reveals that the spasm 
pressures with the can at 4 or 5 feet are 
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always less than the hydrostatic pressures 
for the same conditions. Several authors 
have reported reflux into the enema tube 
with the can 23 to 26 inches above the 
table? or 13 to 3 feet above the table;!! some 
of these patients strained during these 
observations. lf an enema can is placed 
with its bottom 3 feet above the table top 
(60-86 mm. Hg total head of pressure) and 
straining is discouraged, it 1s believed that 
Type iv waves alone will rarely develop 
enough contractile force to overcome the 
total head of pressure, reflux barium into 
the tube, and contaminate it with feces. 

When examining the colon with a viscous 
barium in approximately 40 per cent con- 
centration, one can elevate the bottom of 
the barium can safely to a height 5 feet 
above the table top in order to speed the 
filling of the colon. Although a potential 
pressure head of approximately 130 mm. 
Hg is present, the high viscosity of these 
suspensions causes so sluggish a flow that 
when spasm occurs, the spasm pressures are 
not only relatively low (Fig. 6), but they 
are also slow in onset. A 20 mm. Hg pres- 
sure rise requires about 20 seconds to de- 
velop fully. Subjectively, these enemas 
with a high viscosity barium from an enema 
can at 5 feet are as comfortable as an enema 
can be. 

In the sample of 17 colons filled with a 
high viscosity barium (Fig. 6), the inci- 
dence of spasm appeared less also. When an 
enema can filled with a low viscosity bar- 
ium was elevated (Fig. 7), the flow rate was 
Increased, and not only were higher spasm 
pressures observed, but also new spasm 
pressures appeared in previously resting 
colons. This incidence of spasm varying 
directly with the speed of filling suggests a 
receptor mechanism in the colon wall that 
Is sensitive to the rate of dilatation of the 
colon and that initiates contraction of a 
segment of the colon. 

What are the pressures on the side of the 
colon proximal to the spastic segment? 
They cannot be measured by the method 
shown in Figure 6 unless the patient has a 
proximal colostomy. Use of an ingested 
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transducer in a telemetry capsule could 
answer this question. At this point it can be 
stated that observations during Type Iv 
waves reveal the same amount or less bar- 
ium in the ascending colon after a Type 1v 
wave than was present before the contrac- 
tion. In no patient in over 100 enemas did a 
previously unfilled terminal ileum fill dur- 
ing a Type 1v wave. These observations are 
consistent with the general concept that a 
Type Iv wave moves colonic content dis- 
tally. It is believed that proximal intra- 
colonic pressures are usually the same or 
less than intrarectal pressures during a 
barium enema. 

Giving enemas with a relatively low 
viscosity barium suspension from 4 or § feet 
routinely is not advocated. The incidence 
and height of spasm pressures increase with 
the height of the can, and the associated 
cramps are painful. And, although it is not 
possible to set an over-all pressure tolerance 
for the colon because of the variation in 
segmental tolerance (Table v1), the pres- 
ence or absence of a disease such as ulcera- 
tive colitis, the varying competency of the 
ileo-cecal valve,” and the presence or ab- 
sence of a balloon catheter obstructing the 
anal canal, it appears that repeated high 
spasm pressures in a large group of patients 
would cause perforation. 

Because the resting pressure in the colon 
is low, mean maximum resting pressure 
being about 22 mm. Hg, it may be pos- 
sible to develop an enema tip with a valve 
mechanism that would eliminate most 
cramps due to spasm pressures. 

Satisfactory pressure studies during air 
contrast enemas could be done by combin- 
ing cineroentgenography with a constantly 
recording pressure transducer in the rectum 
or in an ingested telemetry capsule. This 
method would probably give more informa- 
tion about the nature of colonic contrac- 
tions and could also check and extend the 
findings of Experiment No. 4. 


SUMMARY 


I. High viscosity barium suspensions can 
be given safely and comfortably with the 
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bottom of the enema can 5 feet above the Sherman, medical artist, who illustrated the ex- 

table top (essentially at the ceiling) because perimental findings for presentation. I am also 
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high viscosity liquids. Archives of Surgery for their permission to re- 
2. When intestine perforates, it obeys Produce the data in Table vi. 
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TRANSMISSION OF POLIO VIRUS VACCINE BY 
CONTAMINATED BARIUM ENEMA WITH 
RESULTANT ANTIBODY RISE* 


By PHILLIP H. MEYERS, M.D., and MAY RICHARDS} 
NEW ORLEANS, LOUISIANA 


FECAL contents frequently contaminate 
the barium enema tubing and can. 
Contamination with feces takes place even 
when the enema can is several feet above 
the patient. This has been conclusively 
proven by pressure and bacterial studies by 
one of us, by radioactive isotope and 
bacteriologic studies of Steinbach e al.? and 
by observations of Nathan,’ Pochaczevsky 
ef al.® and Dryfuss et al. 

An analysis of the methods by which 
barium enema examinations are performed 
shows that complete asepsis is lacking. Usu- 
ally the enema tip 1s disposable; however, 
the enema set (can, glass, connecting rods, 
tubing, and tip) 15 rarely autoclaved, or 
disposed of, after each examination. 

It is the purpose of the authors to call 
attention to the fact that transmission of 
polio virus vaccine by contaminated bar- 
ium enemas with resultant antibody rise 
does occur and that possible cross infection 
can be prevented by autoclaving or by 
using a plastic disposable enema kit. 


METHOD AND RESULTS 


A separate sealed disposable plastic 
barium enema system* prepackaged with 
Io ounces of micronized barium was used on 
each individual patient. The disposable 
enema system was filed in a retrograde 
fashion without opening the bag, through 
the long tubing with 2 quarts of water. Two 
cc. of orimune,T a live, oral monovalent 
Sabin strain Type u polio virus vaccine was 
injected into each plastic bag. Acute blood 
samples were drawn from 7 patients before 

* Manufactured by EZ-Em Co., Inc., 130 Maple Street, Great 


Neck, Long Island, New York. 
t Supplied by Lederle Laboratories. 


Tape I 
Aae Convales- 
Patient S cent Rise 
erum S 
erum 
(9-20-62) (10-11-62) 
9-21-62 10-12-62 
LC 1:8 1:8 None 
LS 1532 1:64 2 fold 
A. P 1:64 1:128 2 fold 
M. B 1:8 1:09 4 fold 
J.G 1:32 1:128 4 fold 
L. R 1:8 1:128 16 fold 
J.D 1:8 1:256 32 fold 


the enema procedure. The patients were 
screened for history of polio virus or con- 
tact with the disease before and during the 
study. The same 7 patients were given a 
routine barium enema using different sepa- 
rate disposable barium enema systems as 
described; each containing the regular 
Sabin intraoral dose of polio virus vaccine. 
Convalescent blood samples were drawn 
from each patient about 3 weeks later. 
Serum neutralization antibody titers were 
done on both the acute and convalescent 
blood serum. Table 1 shows that 6 out of 7 
patients had a 2 to 32 fold rise in antibody 
titer within 5 weeks. One patient had no 
rise. Two patients had a 2 fold rise, 2 pa- 
tients had a 4 fold rise, 1 patient had a 16 
fold rise and 1 patient had a 32 fold rise. 


DISCUSSION 


In this group of patients, no precautions 
were taken to prevent contamination of the 
patient's hand (and thus possible secondary 
contamination of their gastrointestinal 
tract). However, we are dealing with the 


* From the Departments of Radiology, Tulane University School of Medicine and Charity Hospital, New Orleans, Louisiana. 


1 Supervisor, Virus Laboratory, Charity Hospital 
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normal every day procedure by which 
barium enemas are given and this is of 
prime importance. There is tremendous 
variability in the time and quantity of 
polio virus excreted from an immunized or 
infected patient.^** It seems reasonable to 
assume that at sometime during the excre- 
tion phase of an individual patient, the 
quantity of polio virus in the colon and 
terminal ileum would be equal to the 
routine Sabin dose used in this study. 

Excretion may contain causative organ- 
isms of disease which primarily affect sys- 
tems other than the gastrointestinal tract 
such as ova, parasites, hepatitis virus, 
mycobacteria and coxsackie virus. 

It is obvious that sterilization of enema 
equipment or use of disposable apparatus 
(a check valve would be contaminated on 
one surface and could be thoroughly con- 
taminated by filterable viruses) would 
solve the contamination problem. Over 13 
million fluoroscopic procedures* are done 
annually in the United States, a substantial 
number employing barium enemas. With 
the use of enemas (both bartum and 
water), the possibility of contamination 
exists and may cause an epidemiologic 
route for diseases with long incubation 
periods. 


SUMMARY AND CONCLUSIONS 


The results of the reported study show 
that a virus, such as the attenuated polio 
virus, can be transmitted via a contami- 
nated barium enema. The polio virus vac- 
cine was used as an indicator or sample 
virus and it is concluded that the transmis- 
sion of polio virus implies transmission 
capabilities of other viruses and bacteria 


Contaminated Barium Enema 
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from contaminated barium or water ene- 
mas. 


Phillip H. Meyers 

Department of Radiology 

Tulane University School of Medicine 
New Orleans, Louisiana 
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ESOPHAGEAL DIVERTICULUM AS CAUSE FOR 


By SEYMOUR FISKE OCHSNER, M.D. 


NEW ORLEANS, LOUISIANA 


REHEPATIC diversion of ingested con- 

trast medium into an esophageal di- 
verticulum is a potential, albeit rare, cause 
for nonvisualization of a normal gall- 
bladder during cholecystography. Only one 
such case has been recorded in recent 
years. Among approximately 21,000 cho- 
lecystographic examinations at the Ochsner 
Clinic during the past 10 vears, the case to 
be reported is the only known instance of 
trapped opaque medium in a diverticulum 
resulting in nonvisualization of the gall- 
bladder. 


REPORT O F A CASE 


On February 10, 1960, a 77 year old, white, 
machine shop owner was examined at the 
Ochsner Clinic because of epigastric discomfort, 
lower thoracic pain accentuated by swallowing, 
and increasing regurgitation of mucoid fluid and 
food particles for several months before admis- 
sion, He had noticed increasing anorexia, loss of 
12 pounds เท weight, and occasionally streaks of 
blood in the regurgitated material. 

The gallbladder was not visualized in the 
cholecystogram made on February 11, 1960. 
In the largest roentgenogram obtained, con- 
trast medium was observed in the lower por- 
tion of the thorax (Fig. 1), and a diagnosis 
of trapping of medium in an esophageal diver- 
ticulum was suggested. On the next dav, a 
gastrointestinal roentgenologic study proved 
the presence of a saccular, pulsion diverticulum, 
8 cm. in diameter with a mouth 3.5 cm. wide, 
arising from the right posterolateral aspect of 
the esophagus, 3 inches above the diaphragm 
(Fig. 2) 

The diverticulum was resected by Dr. Alton 
Ochsner on February 26, 1960. Recovery was 
uneventful, and the patient was discharged from 
A cholecvstographic examination, on March ts, 
1961, revealed a normal gallbladder which con- 
centrated the medium well and contained no 
gallstones (Fig. 4). 





“IG. 1. Large roentgenogram during cholecystoy- 
raphy shows opaque medium in lower thoracic 
area, 


DISCUSSION 
Cholecystography is one of the most reli- 
able and useful of roentgenologic proce- 
dures. A successful examination requires 
oral ingestion of an opaque medium, its 
absorption ‘rom the small intestine, its 
excretion by the liver, and its passage from 
the biliary ducts into the gallbladder, where 
it Is concentrated bv absorption of water 
by the mucosa. 
Failure at any stage of this series of 
events may result in failure of visualiza- 
tion of the gallbladder. The commoner 


* Fram the Department of Radiology, Ochsner Clinic, New Orleans, Louisiana, 
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causes of prehepatic diversion of ingested 
cholecystographic medium are vomiting of 
the substance before it passes out of the 
stomach, sufficient obstruction at the gas- 
tric outlet to prevent an adequate amount 
of substance from reaching the intestine, 
and extreme intestinal hv permotility, which 
transports the medium through the intes- 
tine before it can be absorbed. Trapping of 
medium in a diverticulum of the upper 
gastrointestinal tract is a potential, but 
rare, cause for failure of absorption of the 
ingested medium. In the case reported by 


upper part of the eophagus. May and 
Moussard? recorded an instance of trapping 
of the medium in a duodenal diverticulum. 
No report of trapping in a gastric diverticu- 
lum has been discovered. In the case herein 
reported, the true nature of the disease was 
recognized because one roentgenogram re- 
vealed enough surrounding anatomic struc- 
tures to permit incidental visualization of 
the opaque medium in the lower portion of 
the thorax. Trapping of the substance in 
an esophageal diverticulum was then sus- 
pected. Examination of the esophagus by 





Fic. 2. Esophagram proves presence of large 
lower esophageal diverticulum. 


Cause for Unsuccessful Cholecystography 





Fic. 3. Cholecystogram shows normal visualiza- 
tion of gallbladder after resection of esophageal 
diverticulum. 


barium study showed a large diverticulum. 
After diverticulectomy, a normal gall- 
bladder was visualized. cholecystographi- 
cally. 

Ifon the usual roentgenograms, the gall- 
bladder is not visualized, it would seem 
advisable to obtain at least one large 
roentgenogram. This will help eliminate 
such conditions as unusual location of the 
gallbladder, retention of medium in the 
stomach, or trapping of medium in a 
diverticulum of the upper gastrointestinal 
tract. 

SUMMARY 


A case in which a large, lower esophageal 


is described. Reports of such unusual pre- 
hepatic diversion of the contrast substance 
are rare, onlv one other having been dis- 
covered in a brief review of medical re- 
ports. If the gallbladder is not visualized 
on roentgenologic study, possible causes 
other than cholecystic disease must be con- 
sidered. If at least one large roentgeno- 
gram is obtained, errors due to abnormal 
position of the gallbladder and abnormal 
pre-intestinal retention of medium may be 
largely eliminated. In the case reported, a 


868 Seymour Fiske Ochsner APRIL, 1964 





normal result of cholecystographic studv REFERENCES 
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ISTRATION OF A ROUND WORM IN THE 


By SUDARSHAN K. AGGARWAL, D.M.R.D. (London), SATYA PAL AGGARWAL, D. NL R. 
(Vienna), and DIWAN CHAND AGARW AL, M.B.B.5. 


NEW DELHI, INDIA 


HERE are several reports in surgical 

|» journals concerning biliary ascariasis; 
however, a review of the literature shows a 
paucity of articles dealing with the roent- 
genologic observations. The object of this 
communication is to familiarize the reader 
with the roentgenographic appearance of a 
round worm in the common bile duct, which 


iogram of the reported patient. 
REPORT OF A CASE 


A 28 vear old married woman was admitted 
to the hospital on May 20, 1963 with severe in- 
termittent colickv pain in the right upper abdo- 
men of 8 days’ duration. She frequently vomited 
during the attacks. She had had a similar attack 
about ร years previously, which lasted for a 
period of ร to 6 days. On examination, she was 
found to be poorly built and obviously dehy- 
drated. Abdominal palpation showed right 
upper quadrant tenderness but no mass. She 
was not jaundiced. Intravenous baralgan and 
intramuscular pethidine relieved the symptoms 
for 4 to 2 hours only and massive doses of 
analgesics had to be repeated. 

A clinical diagnosis of acute pancreatitis was 
made. Total white blood cell count was 10,400 
with 7o per cent polymorphonuclears, 20 per 
cent lymphocytes, 8 per cent eosinophils and 2 
per cent monocytes. Serum amylase was 1 4^ 
units (normal 70-200 units). 

A plain roentgenogram of the abdomen did 
not demonstrate any abnormality. Oral chole- 
cystography was not performed because of per- 
sistent vomiting; however, intravenous cho- 
langiography was carried out. Cholangiograms 
showed a smooth linear filling defect in the en- 
tire length of the common bile duct, which was 
of a normal caliber (Fig. 1 and 2). The gall- 
bladder showed normal concentration of con- 
trast medium and no intrinsic abnormality was 
demonstrated. The contrast material flowed to 
the duodenum normally (Fig. 2). 

Because of the abnormality in the common 
bile duct, an exploratory operation was carried 


out on the next day and an adult living worm 
rs cm. in length was removed. In the post- 
operative period, antihelminthic treatment was 
instituted and a number of round worms were 
noted to pass in the stools. 


DISCUSSION 


Intestinal ascariasis is fairly common in 
India, as is its frequent demonstration on 
barium meal studies. In our 40 year experi- 
ence in this clinic, where gallbladder in- 
vestigations are frequently carried out, we 
have not before encountered a single case 
of biliary ascariasis. We have contacted 
several colleagues in Delhi and in other 
centers in Northern India and have not 
been able to trace any other such case. In 








smooth 


lic. 1, One-half hour cholangiogram. A 
linear filling defect is seen in the entire length of 
the common bile duct. The duct is not dilated. 
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a recent publication Wright, Dorrough and 
Ditmore? reported an incidence of 1. 5 per 
cent of surgically proved biliary ascariasis 
in hospital patients in Korea. Wang ef ali 
gave an analysis of 141 surgically proved 
cases from Tsingfad, China. In these re- 
ports there is no mention of diagnosis being 
made bv roentgenologic studies. The onlv 
recent case in which a round worm was 
demonstrated on intravenous cholangio- 
grams and laminagrams is reported by 
Cy wes and Kriget from South Africa. 

Although we are aware of this condition, 
it was considered onlv as one of the differen- 
tial diagnoses along with air in the common 
bile duct or numerous small translucent 
calcul filling it. In retrospect, however, 
the appearance seems quite characteristic 
and perhaps once seen, should not be 
missed again. 


SUMMARY 


A case is reported of a round worm in the 

common bile duct visualized on intravenous 
cholangiograms. It is felt that a definitive 
diagnosis of the condition can be made 
from the roentgenographic findings. 
Sudarshan K. Aggarwal, D. M.R.D. 
io, Curzon Road 
New Delhi, India 

We 
the 

Ri 


wish to thank the surgeon, Dr. T. J: 
garwal of the City Clinic for allowi ing us to 
ublish this case. We are grateful, also, to Prof, 


s Chawla for her encouragement and help. 
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OPERATIVE CHOLANGIOGRAPHY: 


By JEROME H. SHAPIRO, M.D., and JACK SPIRA, Pu.D. 


NEW YORK, NEW YORK 


TY E most important objective of opera- 
tive and postoperative cholangiog- 
raphy is to visualize defects within the 
biliary duct system, usually indicating the 
presence of stones. The reliability and the 
accuracy of cholangiographv have been 
thoroughly reviewed and discussed. Un- 
fortunatelv, many of these examinations 
are performed under adverse conditions 
with less than optimal roentgenographic 
results. Under such circumstances the 
diagnostic accuracy of the procedure is 
diminished. Some surgeons have considered 
the incidence of diagnostic error from 
operative cholangiograms to be sufficiently 
high to warrant the elimination of the ex- 
amination and proceed with the surgical 
exploration of the extrahepatic biliary 
ducts in spite of the increased mortality or 
morbidity which might result from this 
extended procedure. However, even surgery 
has its limitations in the evaluation of the 
bile ducts and their contents. Recently, the 
introduction of endoscopy has improved 
the surgical evaluation of the bile ducts at 
the time of operation. 

It was our purpose to determine the 
reliability of operative cholangiography by 
in vivo and in vitro studies of the bile ducts. 
The following factors have been evaluated: 
type and concentration of the contrast 
medium, size of the common duct, size of 
the defect within the common duct, the 
grid ratio, kilovoltage, milliamperage, and 
exposure time. 

The fx vivo studies were performed on 
consecutive patients by postoperative T- 
tube cholangiographv, using standard fac- 
tors (kilovoltage range 70-80, milhamper- 
age 200-400, exposure time o.1-0.2 seconds, 
8:1 grid and target film distance 36 inches) 
with three contrast media-—10odopyracet 
(diodrast) 3§ per cent, methylglucamine 


diatrizoate (renografin) 30 per cent, and 
sodium iodipamide (cholografin) 20 per 
cent. 

The common duct size was measured 
directly on the roentgenograms and all 
cholangiograms were graded as excellent, 
good, fair, poor, or unsatisfactory. The 
cholangiograms were studied for diagnostic 
quality rather than for the subjective im- 
pression obtained upon viewing the roent- 
genogram. Great importance was placed on 
good and uniform filling of the bile ducts 
with good contrast and adequate penetra- 
tion of the opaque column. 

The fx citro studies were performed as a 
separate project. Lucite blocks, measuring 
18 X 18 X 2.5 cm., were used to simulate the 
bile ducts. Holes of 5, 10, 15, and 20 mm. 
diameter were drilled in each block to duph- 
cate the common duct. Roentgenograms of 
the lucite block with contrast medium in 
the holes were made with and without a 
masonite phantom (20 X 20 X 20 cm.). Sub- 
sequent studies were all done with a phan- 
tom. Two types of grids were used with 
ratios of 8:1 and 16:1. Gallstones were 
selected and placed within the drilled holes. 
Inasmuch as the stones were not of uniform 
size, subsequent studies were then carried 
out using artificial stones made of a dental 
plastic material. Under such circumstances, 
it became possible to make stones of equiv- 
alent size and as small as 2 mm. 

By varying the roentgenographic factors 
it was feasible to evaluate those which were 
significant in affecting the diagnostic qual- 
itv of the cholangiogram. Taken into con- 
sideration were: (1) Size of the patient; (2) 
kilovoltage range; (3) grid ratio; (4) milli- 
amperage; (5) time of exposure; (6) target 
film distance; (7) size of roentgen-ray tube 
focal spot; (8) contrast medium and con- 
centration; (g) lack of motion of the pa- 


* From the Division of Diagnostic Radiology, Montefhore Hospital, and the Department of Radiology, New York University, College 


of Medicine, New York, New York. 
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tient; (10) size of bile duct; (11) size of 
stone; (12) size of stone in relation to the 
size of duct; (13) use of compression; (14) 
cineroentgenography; (15) type of film 
used; (16) processing of roentgenograms; 
and (17) use of collimator or cone. 

A total of 81 fx vito postoperative T-tube 
cholangiograms was available for evalua- 
tion. ไท a number of instances, serial cho- 
langiograms of the same patient but with 
the use of different contrast media could be 
studied. Inasmuch as the size of the com- 
mon duct is an important factor in deter- 
mining the quality of the examination, 
these cholangiograms have been compared 
according to the common duct size (Table 
D. It was found that when the common 
duct was 11 mm. or larger all of the three 
contrast media produced cholangiograms of 
good or excellent diagnostic quality. How- 
ever, with a common duct size of less than 
1 1 mm., renografin 30 per cent and diodrast 
35 per cent vielded better results than 
cholografin 20 per cent and of these two 
media, the latter was more effective when 
the duet size was less than § mm. 

The factors and some of the results ob- 
tained in the 77 viro studies are given in 
Table n. 

The phantom studies showed that an 
optimal set of factors for detecting a 3 mm. 
stoneina15 mm. duct wasgs kv., o9 ma., 
1 second with a 16:1 grid. However, 177 vivo 
examination would require the use of a 
much shorter exposure time and perhaps a 
higher milliamperage. 

It was difficult to determine the critical 
size of a stone which could be detected in 
the common duct in the 77 vitro experi- 
ments. It was apparent that stones of at 
least 2 or 3 mm. in size are readily demon- 
strated if the common duct is not larger 
than 5 mm. in diameter and probably de- 
tectable in common ducts up to 10 mm. As 
the duct size increases, there is a greater 
likelihood that a stone of such small size 
would be obscured by the surrounding 
volume and densitv of the contrast me- 
dium. It is then that other factors already 
mentioned mav begin to play important 


872 Jerome H. Shapiro and Jack Spira 


TOTAL OF KI 


APRIL, 1954 


Tape Í 
PERCENTAGE CONSIDERED EXCELLENT OR GOOD IN A 
T-TUBE CHOLANGIOGRAMS WITH 3 
DIFFERENT CONTRAST MEDIA 


Common 20 30 "E 
Duct in per cent per cent per cent 


mm. Cholografin Renogratin — Diodrast 
Less than 4 o 66 100 
ก to Io sI 100 100 
LE fo 16 1 ๐ ๐ 102 190 
16 to 26 [OO 100 LOO 


roles in increasing or decreasing the proba- 
bility of demonstrating the detect within 
the duct. 


DISCUSSION 


several authors have studied the phvsi- 
cal factors which contribute to the roent- 
genographic demonstration of gallstones. 
Cocchi? and Wegelius ef alë advocated 
the use of a nen kilovoltage technique; 
Stender? recom- 
m "9 a ก a A range of 6o to 65 with 
an exposure of 120 to 200 ma. seconds. 
Samuel? expressed concern over the use of a 
high density opaque medium which might 
obscure small stones. 

Virtama’ recently completed an interest- 
ing study of these factors and found that it 
was possible to detect a 1 mm. stone at 50 
and 60 kv. when the opaque medium con- 
centration was 5.0 gm. per 100 ml. of water. 
This stone is about one-half the size of 
those visible at 100 kv. in the same concen- 
tration. Virtama observed no differences 
with the various tvpes of contrast media 
used, but noted that the detectability of the 
stones was impaired by alow concentration 
of contrast medium and by a high kilo- 
voltage. He also pointed out that a decrease 
in the size of the tube focal spot from 1 mm. 
to ๐ .3 mm. by decreasing the geometric 
blur ล the chances of detecting 

calculi. Roentgenographic contrast ac- 
cording to Virtama is increased when a 
small field size (9X 12 cm.) is used. It is also 
increased by the use of low voltage and a 
high concentration of iodine. High voltage 
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CHOLANGIOGRAPHY FACTORS AND RESULTS 








Variable Result 

0 ontrast media 
Renografin 3097 
Diodrast 35% 
Cholografin 20% 


Diodrast 35%% was most 
opaque 


Kilovoltage 
6o to 11 ๐ kv. The kilovoltage with ล phan- 
tom must be at least 70. No 


improvement with 110 kv. 


Milliamperage 
200 to 400 ma. 200 ma. was better 
Time 
O.1 to I second For in vivo work, should be 
๐ .1 or less 


Grid Ratios 
8:1 and 16:1 Slightly better with 16:1 

All details superior without 
the phantom 


Phantom—with and 
without 


Target film distance 
constant 36 inches Shorter target film distance 
can be used for patients with 
a thicker abdomen in order 
to keep the exposure time 


short 


Stones 
2-1 ๐ mm. Smaller stones were unde- 
tected in ducts larger than 


i5 mm. 


Size of the field (effec- 
tive cones, calltma- 
Hon) 


Roentgenographic detail im- 
proved with proper cones 
and collimation 


Decreased roentgenographic 
quality with increase in the 
size of the patient 


Thickness of the 
patient 


Stones usually readily de- 
tected in the smaller ducts 
may not be detected in the 
larger ducts 


Size of ducts (5, 10, 
15, 20 mm.) 


has been of value in the study of the intesti- 
nal tract, especially the colon, where the 
อ has been applied for detection of 
polypoid lesions. However, in the gastro- 
intestinal tract barium sulfate is ordinarily 
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emploved as the contrast medium ; because 
of the increased penetrability of the roent- 
gen ravs due to different absorption char- 
acteristics, the iodine containing com- 
pounds do not offer the same advantage in 
the biliary tract. Virtama also points out 
that very high milliamperage-second values 
are not practical since the long exposure 
time results in increased blurring (due to 
motion of the patient) and loading of the 
roentgenographic tube. In his experience 
small stones were found to be obscured bv 
underexposure in the case of a very dense 
(opaque) biliary tract. 

In a studv by Ashmore ef al! the effects 
of various concentrations of opaque media 
were evaluated. An 8 mm. stone could 
always be detected when neo-iopax (25 to 
so per cent) and diodrast (17.5 to 35 per 
cent) were used. À 2 mm. stone was not 
detected with neo-iopax ṣo per cent and 
was seen in one-fifth of the neo-iopax 25 per 
cent studies. These authors concluded that 
small stones 1 ท an undilated duct were 
readily seen; however, they emphasized 
that a negative or Bored cholangiogram 
should be accepted with some misgivings. 

Another approach at improving the 
quality of the T-tube cholangiogram has 
been the use of air contrast with the intro- 
duction of gas following the contrast me- 
dium. This technique has been infrequently 
used and thus cannot be properly evalu- 
ated. It might be anticipated that such a 
studv would permit the detection of smaller 
stones than those generally visualized on 
the routine cholangiogram, but the tech- 
nique is difficult and the results may prove 
inconsistent. 

In recent vears cineroentgenography has 
also been tried for the examination of the 
biliary tract; however, the roentgeno- 
graphic image quality is inferior to that 
obtained with conventional roentgenogra- 
phy. Although some advantages may be 
seen due to a more dvnamic technique, 
these are more than offset bv the decrease 
in the roentgenographic quality. Improve- 
ments in cineroentgenography and tele- 
vision amplification may lead to greater 
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utilization of this method in the future 
exploration of the biliary duct. 

From our studies and a review of the 
literature, it appears that factors which 
influence roentgenographic quality, in gen- 
eral, are also applicable to T-tube cho- 
langiography. The exposure time should be 
short enough to avoid blurring caused by 
respiration or movement. This would usu- 
ally be o.1 second or less. Target film dis- 
tance may be reduced to accommodate the 
heavier patient, and compression should be 
applied with greater frequency in all pa- 
tients, and most certainly in the obese 
group. Collimation of the roentgen beam or 
use of a cone is highly desirable and effec- 
tive. If other factors can be maintained at 
their proper level, some advantage may be 
obtained with a 16:1 grid. Opaque media of 
"intermediate density" usually yield better 
visualization of stones. Good roentgeno- 
graphic technique will generally suffice 
when the common duct is less than 10 mm. 
in caliber; however, when the common duct 
is larger, it is necessary to vary the factors 
so that small stones may not be obscured. 


CONCLUSION 


Various factors contributing to the 
roentgen detection of bile duct calculi have 
been analyzed by in vivo and in vitro 
studies. Three different contrast media 
have been evaluated for use in operative 
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cholangiography and it was found that 
opaque media of “intermediate density” 
gave the best diagnostic results. 

Careful selection of factors to be used 
and precise roentgenologic techniques 
should do much to increase the diagnostic 
accuracy of operative cholangiography and, 
thereby, decrease the postoperative compli- 
cations of biliary tract surgery. 


Jerome H. Shapiro, M.D. 
Boston University School of Medicine 
Boston 18, Massachusetts 
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CONGENITAL ABSENCE OF THE 
INTRAHEPATIC BILE DUCTS* 


By DAVID H. BAKER, M.D., and RUTH C. HARRIS, M.D, 


NEW YORK, NEW YORK 





VONGENITAL absence or atresia of the 
UA intrahepatic bile ducts is a rare anom- 
lv, first described in 1865. At the time 
f the last review, in 1958, To acceptable 
ases had been collected and a subsequent 


yreviously described cases have been from 
his institution.! The roentgenographic as- 
»ect of the condition as noted in these 2 
vases as well as in 7 others is the basis of 
this discussion. 

In the previous reports, it has been sug- 
zested that the disease is the result of a con- 
zenital absence of the intrahepatic bile 


ducts. However, bile ducts have been 
found to be present in the early weeks of 
life, and they have remained for variable 
periods of time. We feel that the cause is 
most likely an intrinsic defect in the liver 
that produces bile stasis at the preductal 
level and, either from atrophy or direct 
damage to bile duct epithelium, results in 
progressive loss of intrahepatic bile ducts. 
When the condition is progressive, a unique 
clinical and roentgenographic pattern de- 
velops. Serial histologic stu dies, or autopsv, 
demonstrate disappearance of intrahepatic 
bile ducts. We feel that absence, rather than 





Vic. 1. (4 and B) Photographs of our oldest living patient shown with marked swelling over the bursae, a 
protuberant abdomen and generalized debility. 
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* From the Department of Pediatrics and Radiology, Babies Hospital, Columbia University, College of Physicians and Surgeons, 


New York, New York. 


Presented at the Sixty-third Annual Meeting of the American Roentgen Ray Society, Washington, D. C., October 2-5, 1962. 


" 
975 


876 





Fic. 2. Photograph showing the typical lesions of 
xanthomatosis that these patients develop. 


atresia, 15 ล More appropriate term for this 
rare and perplexing condition.’ 


CLINICAL FINDINGS 


Since the detailed clinical aspects of 
these cases are being published elsewhere, 
we will only summarize the clinical picture 
(Fig. 1, Zand B). The disease begins with a 
progressive obstructive jaundice, with its 
onset between 2 days and 2 months of age, 
although the infant remains comparatively 
well. A pronounced elevation of the serum 
lipids occurs, which after a variable period 
of time, usually a few months, is followed 
by cutaneous xanthomata ( Fig. 2) and 
severe pruritus. Subsequentlv, the lipid 
level may fall and the xanthomata may 
recede while the pruritus remains. The de- 
fect responsible for the preductal bile stasis 
may well be associated with lipid metabo- 
lism. Some patients with a mild form of the 
disease do not show progressive jaundice, 
have only a minimal evidence of liver dis- 
ease and develop neither the clinical nor 
roentgenographic changes. 

In patients with the progressive form of 
the disease, liver function is preserved for 
long intervals. These children live much 
longer than the larger group of patients 
with extrahepatic bile duct atresia, a condi- 
tion which more closely adheres to the 
definition of atresia. The major clinical 
manifestations in our group of g patients 
were severe icterus in 6, xanthomatosis in 7, 
and cholesterol levels in excess of 700 mg. 
in all 9. Hypersplenism, portal hvperten- 
sion and anemia developed as relatively 
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late complications in the older children. 
Several of the patients showed easy bleed. 
ing as well. 

The liver at operation or autopsy is large, 
smooth, soft and green, quite unlike the 
small, shrunken and extensively scarred 
livers seen in extrahepatic biliary atresia. 

Histologic examination of the biopsy 
specimens in 7 of our cases initially showed 
bile pigment in the liver cells and cana- 
liculi, large pale liver cells with two or more 
nuclei, occasional multinucleated giant 
cells and occasional necrosis of an individ. 
ual cell with focal polymorphonuclear in- 
filtration. The bile ducts were small and 
rarely contained bile (Fig. 3). Serial 
biopsies showed a progressive loss of bile 
ducts with onlv a mild diffuse fibrosis; 
the fibrosis present in the later phase is 
much less severe than that seen in extra. 
hepatic biliary obstruction and tends to 
preserve the lobular pattern (Fig. 4). The 
degree of loss of the bile ducts varied from 
individual to individual and also varied 
in different parts of the liver at postmortem 
examination. The progressive loss of bile 
ducts and the variability seen clinically and 
microscopically are inconsistent with an 
atresia and suggest an intrinsic liver de- 
fect. 

Bone marrow aspirations, done late in 
the course of the disease, have demon- 
strated both the presence of fat laden his- 
tiocytes and hyperplasia of ervthroid ele- 
ments. It is therefore tempting to consider 
the possibility that some of the roentgen 
changes are similar to those seen in a stor- 
age disorder. These foam cells have also 
been seen in the spleen and kidnevs.? The 
number of such cells in the marrow has not 
been high, but the bone marrow aspirations 
have been performed when the bone 
changes were already advanced and in some 
cases after the blood lipid levels have de- 
creased. 

We became aware of the possible spec- 
ificity of the roentgenographic changes in 
the skeleton when the advanced changes 
observed in 1 of our patients were dupli- 
cated in another. A review of our 9 cases re- 
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om an early biopsy showing pale multinucleated 


Vic, 3. Photomicrograph of a portal area fre 
liver cells and a small empty bile duct. 
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vealed that these skeletal findings were 








present in the entire group in varving de- Roentgenographic: eton is 
grees and that the progression occurred ina normal at birth (Fig. As the child de- 
predictable pattern dependent on the de-  velops, stress ines appear in the meta- 
gree of bile duct deficiency. phvseal areas and the skeleton. becomes 





Fic. 4. Photomicrograph at autopsy shows a portal area with diffuse mild fibrosis 
and preservation of the lobular pattern. 
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progressively demineralized. These changes 
are probably not a manifestation of protein 
deficiency such as have been described in 
other types of 


tients do not show a diminution of serum 

















| 
protein or a reversal of the albumin-globu- 
hn ratio. The generalized debility as 
ated with their illness may well contribute 
substantially to the lack of mineral content. 
Demineralization is associated with a pro- 
gressive and severe failure of funnelization 


metaph vses, the exact cause of which 
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is not clear, As the disease progresses, the 





relative elongated and thinned ap- 
earance due to the failure of funnelization, 
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diaphyseal portion of the bone, which 
had 
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normal appearance save for 
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hows a marked increase in width, a ven 
thinned cortex and a prominent secondary 
trabecular pattern. which results in. thick, 





clubbed and poorly mineralized bone (Fig. 
6; and 7). These changes in the skeleton are 
generalized and are most marked in areas of 
maximum growth (Fig. 8; and 9, Z and B). 
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The upper and lower extremities are 1m- 
volved, with thelower extremities showing 
the most pronounced changes (Pig. 10; 11; 


[ue 


2, d and B; and 13). The exception is the 


calvarium, which remains normal, quite 
unlike the response more commonly seen in 


* 

















l 3 
children develop bleeding into, or swelling 


children with marrow hyperplasia. 
During the course of the disease, these 
of, the bursal sacs of the extremities (Fig. 


14, <1 and B; and 15). One of our children 
first developed symptoms in the right knee 
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Fic. 8. Overpenetrated frontal roentgenogram following immobilization for a fracture. 
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showing the knees as they appear currently. Subsequently, she had swelling in oth 
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Era. 9. (4 and B) Lateral roentgenograms of the knees as they appear currently 
show the marked osseous and soft tissue changes. 
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Congenital Absence of the Intrahepatic Bile Ducts 
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ls as they appear currentiv shows se 
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»oth ankles, wrists, ไว แห ร แอ about 
elbows and in the temporomandibular 


. The swelling about the knee 








5 Was 





originally felt to represent a hemarthrosis 








agar 


and, indeed, in this patient some of the 
early bleeding may have been into the joint. 
Subsequently, the swellings of the bursae 
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have been most noticeable about the knees 











bud Da and B) Roentgenograms showing 


prominent swelling over the elbow joint and promi- Fac. 


nent osseous changes, both of which hav 
progressive. 
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. Lateral roentgenogram of the 
showing the same changes as noted in the 


and elbow 
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hic. 16. CZ and By Roentgenograms of the patients whose skeletons were normal at birth then showed 
progressive demineralization and apparent elongation from the metaphyseal failure of funnelization, 





and have been prominent in 3 of our g pa- 
tients and present in 2 others (Fig. 16, Z 
and B; 17; 18, J and B; and 19). Limita- 
ท อ ท of joint motion in our grou p was pres- 
nt in only 1 individual, and involved only 
one knee. The patient with the most severe 
roentgenographic changes of the extremi- 
ties developed cortical hyperostosis along 
the shaft of the long bones, which may well 
be related to subperiosteal bleeding. F rac- 
ture with minimal trauma has been promin- 
t late in the disease. One of our patients 
is s had 12 fractures in 8 vears; healing of 
these fractures has been uneventful. An- 
other patient, early in the course of her ill- 
ness, showed typical vitamin deficiency 
rickets which ie readily to therapy 
and did not recur. Interes oe enough, the 
roentgen changes which subseq uently de- 
velope lin this patient were a 
of the features of healed rickets and ot 
absence of intrah epatic bile ducts (Fig. 20; 


- 





and 21). Rickets is frequently seen in pa- Fic. 17. Roentgenogram of the lower extremities of 
tients with extrahepatic biliarv atresia dur E same patient shown in Figure 16. The con. 
1 8 5 ท Dd figuration of the medial tibial metaphysis was seen 
ing the period of rapid growth, which is in several of the patients as the metaphyseal de- 
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isually in the last half of the first year. formity developed. 








Lig. 1) Roentgenogram of the knees and (B) one made 3 years lat lopment of typical 





metaphysis and soft tissues. 
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Fic. 20, Roentgenogram of the knees late in the dis- 
ease of a patient who developed rickets shows the 


























Fic. 1g. Lateral roentgenogram of the knee of the metaphyseal failure of funnelization and the 
patient shown in ligure 16. changes of healed rickets. 
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While the children with absent intra- 


hepatic bile ducts retain a state of relative 


well being, 
rapid growth; both growth and maturation 
are slow. Esophageal varices have been 
seen in slightly less than one-half of our 
patients in association with hypersplenism 
and portal hypertension; these develop as a 
late complication of the disease. 

While the findings noted above are un- 
like those of any other storage disease, the 
failure of normal metaphyseal shape and 
resorption of primary trabeculae suggest 


any other osseous manifestation of svs- 
temic disease. 
SUMMARY 


Absence of the intrahepatic bile ducts is 
a rare anomaly probably due to an intrinsic 
defect within the liver which, when pro- 
gressive, develops a unique clinical anc 
0 pattern. The clinical pic- 


ture Is one of progressive obstructive 
jaundice, hypercholesterolemia, usually 
with xanthomatosis, slow gr Seal liver 


deterioration with hy persplenism, portal 
hypertension and, late in the disease e, a 
tendency to bleed easily. 

The skeleton, normal at birth, becomes 
progressivelv demineralized and shows pro- 
gressive lack of funnelization and evlinder- 
ization, accompanied by progressive swell- 


ing of the bursae on the extensor surfaces of 


the extremities. The pattern and sequence 
of these changes has been consistent and 
relative to the degree of hepatic involve- 
ment. We have not seen this sequence in 
any other condition. 

David H. Baker, M.D. 

Babies uae 


New York: 25 ON York 
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Fic. 21. Roentgenogram of the forearm and hand of 


the patient shown in Figure 20 demonstrates the 
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ROENTGENOGRAPHIC, ANGIOCARDIOGRAPHIC AND 
PATHOLOGIC FINDINGS IN CONGENITAL CARDIAC 
DISEASE ASSOCIATED WITH AGENESIS 
OF THE SPLEEN* 


REPORT OF A CASE 
By LEWIS S. CAREY, M.D., and JESSE E. EDWARDS, M.D. 


ST. PAUL, MINNESOTA 


foo of the spleen is almost uni- 
versally associated with multiple and 
complex congenital anomalies of the heart.!? 
These anomalies frequently include defects 
of the atrial and ventricular septa, trans- 
position of the great vessels, severe pul- 
monary stenosis or atresia and anomalies of 
veins, both pulmonary and systemic. Ab- 
normalities in the position of the heart are 
common. Partial or total situs inversus 
may be present. The spleen is absent, and 
the left lobe of the liver is enlarged. 

The present case represents a particu- 
larly good example of the roentgenographic 
and angiocardiographic features of one type 
of cardiac malformation that may occur in 
the “asplenic syndrome." 


REPORT OF A CASE 


A female infant, 5 weeks of age, was admitted 
to the University of Minnesota Hospitals with a 
history of cyanosis since birth. No murmurs 
were present. 

Clinical Findings, Electrocardiographic study 
showed frequent premature ventricular con- 
tractions, normal axis, and signs of marked 
right atrial enlargement and right ventricular 
hypertrophy. Very little left ventricular activity 
was evident. 

In a smear of the peripheral blood, Howell- 
Jolly bodies were identified. 

After completion of the diagnostic studies, 
including roentgenography and angiocardiogra- 
phy (to be described), a diagnosis of asplenia 
with congenital cardiac disease was made. A 
surgical attempt to relieve the obstruction to 
pulmonary flow was unsuccessful and the infant 
succumbed. 


Roentgenologic Findings. Roentgenograms of 
the thorax (Fig. 1, a and 4) showed that the size 
of the heart was within normal limits. The apex 
of the cardiac density appeared somewhat tri- 
angular. The soft tissue density in the superior 
mediastinum showed a very slight convexity of 
the lateral margin, bilaterally. This was a little 
more obvious on the right side and suggested the 
presence of an enlarged right aortic arch. In 
addition, there was a homogeneous opacifica- 
tion of the left upper abdominal quadrant in- 
dicating enlargement of the left lobe of the 
liver. This contributed to a horizontal orienta- 
tion of the lower margin of the liver. The 
barium swallow study showed the stomach to 
be on the right side. A forward angiocardiogram 


. was made so that the anatomic features of the 


cardiac malformations might be demonstrated. 

During the angiocardiographic study, films 
were exposed at the rate of 6 per second. Initial 
opacification of the inferior vena cava indicated 
that this structure was malpositioned and lay 
to the left of the midline. Large veins draining 
the enlarged left lobe of the liver and a left 
superior vena cava were opacified by reflux 
flow (Fig. 2, a-d). 

Angiocardiograms made immediately sub- 
sequent to this defined an enlarged common 
atrium well filled with contrast material (Fig. 3, 
a-d). In addition, an enlarged, triangular 
ventricular chamber filled. Also, at this stage, 
slight filling of an enlarged aorta was noted. No 
contrast material was detected in the pul- 
monary trunk or its branches. 

Subsequent angiocardiograms showed com- 
plete filling of the enlarged and malpositioned 
aorta. The aorta arose along the left upper bor- 
der of the heart and arched to the right of the 
thoracic spine. The aortic arch passed over the 
right main stem bronchus, and the descending 


* From the Departments of Radiology and Pathology, the University of Minnesota, Minneapolis, Minnesota, The Department of 
Radiology, St. Joseph's Hospital, St. Paul, Minnesota, and the Department of Pathology, The Charles T. Miller Hospital, St. Paul, 


Minnesota. 
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lcd. 
is unusual in 2 respects. The apex of the heart is somewhat triangular, and there is a convex soft tissue 
prominence in the superior mediastinum on the right side representir wy the enlarged aorta. The pulmonary 


vasculature is 


seen here than in a. 


aorta, except for its Jowermost part, was on the 
right side. Following opacification of the aortic 
arch, there was opacification of the pulmonary 


unk and central pulmonary vessels, all of 


which were narrow. It was noted that the 
pulmonarv v asculature hlled by wav of a duc- 
tus-like structure which appeared to arise 


either from the aortic arch or from one of the 
branches of the aortic arch. This vessel de- 
scended vertically to the left of the thoracic 
spine to communicate with the left pulmonary 
artery. The forward angiocardiogram was in- 
terpreted as showing a common atrium, a 
ventricular septal defect, transposition of the 
great vessels in the position of corrected trans- 
position and severe obstruction to pulmonary 
arter al How. 

Pathologic Findings. Necropsy revealed asp- 
lenia, a right-sided stomach, malrotation of the 
mesenterv, a nearlv ญา cdl liver and com- 
plex cardiovascular malformations (Fig. 4). 

Transposition of the great vessels was evi- 
dent, with the aorta, which was wide, arising 
anteriorly and to the left of the comparatively 


narrow pulmonary trunk. The aortic arch 
passed over the right main bronchus. The 


branches from before backward were a left. 


(a) Frontal roentg snogram of the thorax. Cardiac s 


s slightly decreased. Horizontal orientation cf lower 
the stomach is on the right side. The soft tissue density of the enlarged r 


jet ning its 


s.ze not remarkable. The configuration of the heart 


that 
is better 


edge of liver. (4) Barium study shows 
right-sided aorta (arrows) 


sided innominate artery (from which in turn the 
left common carotid and subclavian arteries 
arose), the right common carotid artery and the 
right ก arterv. À patent ductus arteri- 
0 ร แร extended between the proximal part of the 
left. subclavian artery and left pulmonary 
artery. 

The interior of the heart exhibited a thin 
strand of tissue running near the midline be. 
tween the anterior and posterior walls of the 
arrial portion of the heart. The picture was like 


that usually called “common atrium.” Bi- 
lateral superior venae cavae were present, each 


respective side of the common 
atrium. The inferior vena cava was on the 
left side and after receiving the left hepatic 
vein terminated in the left side of the common 
atrium. The right hepatic vein pierced. the 
diaphragm and joined the right side of the 
common atrium at the anticipated location of 
the inferior vena caval orifice. No coronary 
SINUS wi s present. 

The atriov entricular mechanism was 
sented by a single valve which led 
common atrum above into 
tricle below. 

At the anter or basal aspect of the common 


repre- 
from the 
i common ven- 
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Fio. 2. Forward angiocardiograms. Films were exposed at the rate of ¢ per second. Films are numbe 


reddes 

cording to their position in the study. (2 and 2) Frontal and lateral views, respectively. Contrast material 
in left-sided inferior vena cava (IVC) and in left hepatic (LHV) and right hepatic (RIIV) veins. Simul- 
taneous filling of an atrial chamber, right atrial appendage (RAA) and left superior vena cava (LSVC). In 
the lateral view a small amount of contrast material is seen in the common ventricle (CRV) which at the 
5, 


time of the procedure could not he distinguished from a right ventricle. (e and @) Frontal and lateral view 
right (RAA) atrial appendages are outlined with contrast material. 


respectively. The left (LAA) and the 
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common atrial chamber is now outline 
iew of the tail of the common 
is well seen in the lateral view. The ascending aorta (A) is filled with contrast material. No evi. 
dence of opacification of the pulmonary vasculature. (¢) Frontal view. 

well filled with contrast material, The origin of the aorta arise 

the pulmonary trunk (PT 





Fic. 3. (2 and 4) Frontal and lateral views, respectively. The 
| d, pointed common ventricle 
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("RV is well outlined. The erd-on v 
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Phe enlarged right-sided aorta is row 
s along the left upper border of the heart and 

) hes medial to the aorta, both features seen in corrected transposition. Arrows 

point to a large patent ductus arteriosus which arises from the left subelavian artezv and connect 

left pulmonary artery. (7) Lateral view, later in the study, shows the 


arrow points to the patent ductus arteriosus, 
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swith the 
aorta to be anterior in location. The 
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hig. 4. Cardiovascular anomalies observed at nec- 
ropsv. The essential findings were a common 
atrium, a common ventricle, pulmonary valvular 
atresia, transposition of the great vessels, right 
aortic arch and systemic and pulmonary venous 
anomalies. Top line drawing shows the confluence 
of the pulmonarv veins from which the pulmonary 
venous blood was carried anomalously to the right 
superior vena cava. 


ventricle, there was an infundibular-like pocket 
from the upper end of which the aorta arose. 
The pulmonary valve, which was atretic, lay 
above the posterior aspect of the base of the 
common ventricle. 

Pulmonary venous anomalies were also pres- 
ent. None of the pulmonary veins joined the 
heart directly. Instead, the pulmonary veins 
converged behind the heart to form a venous 
recess. From the right upper aspect of the 
latter, a vein extended to the right superior 
vena cava. 


COMMENT 


The diagnosis of asplenia may be sug- 


Cardiac Disease Associated with Agenesis of the Spleen 
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gested from the frontal roentgenogram of 
the thorax and abdomen. The horizontal 
orientation of the lower lobe of the liver” 
associated with malposition of the heart 
and/or viscera, an enlarged aortic density, 
a somewhat triangular appeirance to the 
apex of the heart and decreased pulmonary 
vasculature are characteristic findings. 

The common cardiac malformations asso- 
ciated with asplenia usually take the form 
of either corrected transposition of the 
great vessels with 2 ventricles, or common 
ventricle with transposition of the great 
vessels with inversion of the infundibulum 
(corrected transposition with rudimentary 
arterial ventricle).* The case reported here 
is an example of the latter type. 

The angiocardiographic appearance of 
the right-sided venous ventricle in. both 
types of cases is similar. On frontal views 
this chamber shows itself as an elongated, 
triangular cavity which occupies the apical 
region of the heart (Fig. 34). 

In the lateral projection, the end-on view 
of the contrast-filled “tail” of this chamber 
may be seen as an oval area of increased 
densitv lving in an antero-inferior position 
(Fig. 34). 

Forward angiocardiographv from a saph- 
enous vein is the diagnostic procedure of 
choice and will usually define the majority 
of the vascular and intracardiac anomalies. 

Anomalies of pulmonary venous return 
usually represented by an anomalous con- 
nection of pulmonary veins to the right 
side of the common atrium or to a systemic 
vein are difficult to demonstrate. Because 
of the frequent association of pulmonary 
stenosis or atresia, the major portion of the 
contrast material is shunted into the 
systemic circulation, a situation which does 
not allow adequate definition of the pul- 
monary venous vasculature. For the same 
reason it is doubtful that selective ventricu- 
lography would provide any better defini- 
tion than venous angiocardiography. The 
complex nature of the intracardiac mal- 
formations usually precludes surgical cor- 
rection, and use of selective ventriculog- 
raphy in an zttempt to define the pulmo- 
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nary venous anomaly is probably not war- 
ranted. 


SUMMARY 


The pathologic, roentgenographic and 
angiocardiographic features in a case of 
agenesis of the spleen with congenital 
' cardiac disease are presented. 

Angiocardiographically, the following 
anatomic states were established: (1) trans- 
position of the great vessels, (2) pulmonary 
atresia, (3) common atrium, (4) anomalies 
of systemic veins, and (4) right aortic 
arch. Necropsy demonstrated these anom- 
alies as well as a common ventricle, ab- 
sence of the coronary sinus and total 
anomalous connection of the pulmonary 
veins to the right-sided superior vena cava. 

The association of multiple complex 
cardiac anomalies, as observed roentgeno- 
logically in this case, suggests the syndrome 
of agenesis of the spleen and congenital 
cardiac disease. 

Symmetry of the 2 main lobes of the 
liver giving a horizontal orientation to the 
lower hepatic edge in the presence of 
multiple cardiac anomalies, including ob- 


Lewis S. Carey and Jesse E. Edwards 
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struction to pulmonary arterial flow, adds 
roentgenologic support for a presumptive 
diagnosis of asplenia. 


Jesse E. Edwards, M.D. 
Pathology Department 

The Charles T. Miller Hospital 
St. Paul, Minnesota 
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By RICHARD D. KITTREDGE, M.D., and NATHANIEL FINBY, MT 


NEW YORK, NEW YORK 


RUPTURED spleen is a frequent 

complication of trauma to the lower 
left chest and left upper abdomen. Despite 
a high level of suspicion, the condition 
may not be recognized immediately; in- 
deed, diagnosis may be extremely difficult 
when there is delayed rupture. t>} When 
the lacerated spleen is not diagnosed, the 
clinical course mav end in a sudden marked 
state of vascular collapse. 


REPORT OF A CASE 


Case 1. This was the first hospital admission 
of an 11 vear old bov with the chief complaint of 
tachypnea, abdominal and chest pain and ano- 
rexia. 

The child had been well until 3 days prior to 
admission when he struck his left lower rib cage 
and left arm on a fence while sledding. He had 
immediate local pain but no apparent loss of 
consciousness. He was seen later that night 
because of abdominal discomfort and roent- 
genograms of the chest and abdomen taken at 
another hospital were reported normal. He 
returned home. Subsequently, he developed 
dyspnea, cough, some productive sputum, ano- 
rexia, chest and abdominal pain. One day prior 
to admission he developed difficulty in walking 
and sitting because of rib cage and upper ab- 
dominal discomfort. Breathing was limited by a 
pain in the lower left chest. Physical examina- 
tion revealed a temperature of 100° F., respira- 
tions 40, blood pressure 130/70. The patient 
appeared in mild respiratory distress with 
tachypnea but alert and responsive. There was 
ecchymosis over the anterior portion of the left 
arm and the left lateral rib cage. Examination 
of the chest revealed dullness to percussion 
throughout the left chest, most pronounced at 
the left base. Examination. of the abdomen 
revealed generalized tenderness with guarding 
and tenderness in the left upper quadrant. 
Bowel sounds were absent. 

A roentgenogram of the chest revealed pneu- 





showing 
partial atelectasis of the right 
upper lobe. Taere is haziness over the left hemi- 
thorax and either elevation of the left hemidia- 
phragm or a rather large infrapulmonary effusion. 
There are no obvious rib fractures. 


lic. 1. Case r, Chest 


pneumonia and 


roentgenogram 


monia of the r ght upper lobe with partial ate- 
lectasis of the right upper lobe. There was hazi- 
ness over the left hemithorax and either eleva. 
infrapulmonary effusion. There were no rib 
fractures (Fig. 1). 

An abdominal roentgenogram revealed no 
displacement of the colon or abnormal subdia- 
phragmatic mass. The splenic outline was not 
clearly seen (lig. 2). 

Lateral decubitus roentgenograms of the 
chest showed a large amount of fluid layered out 
along the lateral chest wall in the left hemi- 
thorax, thus establishing the diagnosis of infra- 
pulmonary effusion (Fig. 3). 


* From the Department of Radiology, St. Luke's Hospital, New York, New York. 
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Fic. 2. Case 1. Abdominal roentyenogram showing 
no displacement of the colon. No obvious subdia- 
phragmatic mass is noted, The splenic outline is 
not clearly seen, 


The patient was taken to the operating room 
and d left hemithorax was aspirated. Four 


hundred cubic centimeters of blood tinge serous 
fuid was obtained. Bron d pe a 


The abdomen w as ee and eon. 
tained 750 cc. of old blood in addition to multi- 





ibitus roentgencgram ot 


Case 1, Lateral deci 
i 


the chest showing a large amount of fluid layered 


out along the lateral chest wall in the left hemi- 
thorax, thus establishing the diagnosis of infra- 


Los 


pulmonary effusion. 
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ple clots. There was a large splenic laceration 
extending to the hilus. The left kidney appeared 
normal to palpation. The spleen was removed. 
Postoperatively, the patient progressively im- 
proved. The effusion on the left did not re- 
accumulate, No rib fracture was seen in follow 
up chest examinations. The right upper lobe 
atelectasis and pneumonia gradually resolved. 
Or the 18th postoperative day the patient was 
discharged from the hospital. 


COMMENT 


We have reviewed our last 15 consecutive 
cases of traumatic ruptured spleen. The 


results are 


tabulated in Table 1. One case 
showed a definite specific diagnostic sign, 


1.0., enlarged splenic shadow. Eight cases 
showed detinite but nonspecific changes. 
Six cases showed no significant roentgeno- 
graphic change. 


DISCUSSION 


It has been pointed out that roentgeno- 


grams of the abdomen and chest can be 


helptul ii the diagnosis of ruptured 
spleen.'-" The following s signs have been 
useful ไท varying degrees in the past 
gastric dilatation, enlargement of the 
splenic outline, partial loss of splenic 
shadow, elevation of the left hemidia- 
phragm, nonvisualization of the spleen, 





Fic. 4. Case 8. Abdominal roentgenogram 
showing the enlarged spleen. 
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14. 


is 


Case 


. L. A., 11 yr. old 


male 


. C. C., 10 yr. old 


male 


. D. H., 17 yr. old 


male 


P. H., 13 yr. old 
male 


. L. L., 25 yr. old 


male 


. F. D., 44 yr. old 


male 


. J-M., 16 yr. old 


male 


. D. R., 34 yr. old 


male 


. P. S., 6 yr. old 


female 


M. S., 1o yr. old 
female 


O. W., 36 yr. old 
male 


. R. F., 3 yr. old 


male 


E. G., 10 yr. old 


male 
D. A., 6 yr. old 
male 


C. C., 32 yr. old 
female 


Traumatic Rupture of the Spleen 893 
Taste I 


Trauma Roentgen Signs 


Ran into fence while playing Chest roentgenogram: infrapulmonary effusion, right 
upper lobe pneumonia (Fig. 1 and 3) 
Abdominal roentgenogram: negative (Fig. 2) 


Struck by bike Abdominal! roentgenogram: negative 


Wrestling, opponent fell on Chest roentgenogram: negative 
him Abdominal roentgenogram: serrated gas pattern in 
stomach; spleen appears normal 


Wrestling Chest roentgenogram: negative 
Abdominal roentgenogram: large amounts of gas in 
large and small bowel 


Fell through platform while Abdominal roentgenogram: partially obscured psoas 
working borders by intestinal content 


Fell on subway stairs Chest roentgenogram: elevated left hemidiaphragm ` 
with hazy pleural reaction 
Abdominal roentgenogram: slight fullness of splenic 
shadow 


Attacked and beaten Chest roentgenogram: negative 
Abdominal roentgenogram: negative 
Fractured nasal bore 


Automobile accident, steer- Chest roentgenogram: negative 
ing wheel struck chest Abdominal roentgenogram: spleen enlarged below 12th 
rib (Fig. 4) 


Struck by automobile Abdominal roentgenogram: ill-defined soft tissue mass 
left upper abdomen with obliteration of psoas border 
and left fractured iliac bone 


Hit left flank when she fell Chest roentgenogram: negative 


off sleigh Abdominal roentgenogram: negative 
Automobile accident, steer- Abdominal roentgenogram: slight elevation of left hemi- 
ing wheel diaphragm. Hazy change over abdomen compatible 
with fluid 
Struck by automobile Chest roentgenogram: fractured left 7th rib 


Abdominal roentgenogram: marked amounts of gas in 
stomach and intestine 


Hit tree while sledding Chest roentgenogram: negative 
Abdominal roentgenogram: dilated small bowel; gas in 
colon l 
Hit abdomen and chest Chest roentgenogram: negative 
while sledding Abdominal roentgenogram: negative 


Attempted suicide, fell 2 Chest roentgenogram: fractured left 10th and 11th ribs 
stories posteriorly 
Abdominal roentgenogram: dilated stomach 
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fluid density, gastric displacement, free 
fluid between loops of bowel, visualization 
of perisplenic hematoma, serration of the 
greater curvature of the stomach, dia- 
phragmatic tenting, obliteration of the left 
psoas outline, and visualization of splenic 
laceration. All of these have been described 
in individual reports and series of cases. 

Difficulties immediately become appar- 
ent. Wyman” has pointed out that in a 
series of 6 ๐ ๐ routine consecutive abdominal 
roentgenograms, 55 per cent were tech- 
nically unsatisfactory to evaluate the 
splenic shadow and in 30 per cent which 
were technically adequate, the splenic 
shadow was not seen. Therefore, the cri- 
teria of partial loss of splenic shadow or 
nonvisualization of the splenic outline 
seems less dependable. Wyman concluded 
that the most dependable signs are the 
downward displacement of the level of the 
tip of the lower pole of the spleen and the 
measurable increase in its transverse diam- 
eter. This was present in 73 per cent of his 
series of cases. Wang and Robbins" feel 
that loss of splenic outline and increased 
density in the area of the spleen are helpful 
more often than other signs. They conclude 
that a well outlined small spleen seen on a 
roentgenogram of good quality practically 
rules out the diagnosis of ruptured spleen. 
Recently, Schwartz ef al,! reviewed 12 
cases of traumatic rupture of the spleen in 
children. They conclude that no roentgen 
findings or group of findings consistently 
add up to the diagnosis of splenic trauma. 
The most significant finding they felt was 
the exaggeration of mucosal folds on the 
greater curvature of the stomach, which 
was present in 7 of their cases. Bollinger 
and Fowler! described left basal pleuritis in 
patients with delayed splenic rupture. 
They found this pleuritis with and without 
rib fractures. The pleuritis appeared 24 
hours following trauma. 

In Case 1, there was a delay of 3 days 
between the injury and the visit to the 
hospital. The chest roentgenogram re- 
vealed a shadow in the left lower lung 
area which could have represented an 
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elevated hemidiaphragm. A decubitus chest 
roentgenogram, however, revealed a 
marked infrapulmonary effusion which 
lavered out along the lateral chest wall. A 
review of the abdominal roentgenogram 
showed no increase in the spleen size or 
displacement of gas in the colon. The 
splenic outline could not be clearly seen. 
The left kidney was slightly lower than 
the right. There was no striking ileus nor 
obvious intra-abdominal fluid. No rib frac- 
ture was demonstrated, nor was there any 
healing fracture seen on subsequent follow 
up roentgenograms for 3 weeks. A review 
of our previous cases indicates that the 
important signs of splenic rupture can 
often be lacking. In this setting of acute 
trauma to the left lower chest and left 
upper abdomen any major roentgeno- 
graphic abnormality can be important. Rib 
fracture has been pointed to as an impor- 
tant finding in the chest. Pleuritis has 
often been observed on delayed roentgeno- 
grams. Our case of infrapulmonary effusion 
adds another nonspecific but potentially 
Important sign of splenic rupture. It is 
interesting to note here that infrapul- 
monary effusion can have a strikingly sim- 
ilar appearance to an elevated hemidia- 
phragm which has been reported frequently 
in the past. 


SUMMARY 


We have reviewed 15 cases of splenic 
rupture due to trauma. An interesting 
case with infrapulmonary effusion as the 
major roentgenographic sign is described in 
detail. 


Richard D. Kittredge, M.D. 
Department of Radiology 
St. Luke’s Hospital 

425 West 113th Street 

New York 25, New York 
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ROENTGENOGRAPHIC DIAGNOSIS OF 
SPLENIC ABSCESS 

By HERBERT R. ZATZKIN, M.D.,* ARTHUR D. DRAZAN, M.D.,t 
and GERALD A. IRWIN, M.D.t 


LONG ISLAND, NEW YORK 


1 0 preoperative diagnosis of splenic 
abscess is rarely made. The clinical and 
roentgenographic signs are vague. À review 
of the current radiologic literature shows 
that very little attention has been directed 
to this entity. The occurrence of what are 
considered to be classic signs, permitting 
the preoperative consideration of splenic 
abscess in a recent case, has prompted a 
review of the literature and a case report. 


ETIOLOGY 


Splenic abscess may result from a variety 
of pathologic processes. 

1. Splenic infarction. Here, rapid soften- 
ing and liquefaction may occur and are seen 
in sickle cell disease, polycythemia, etc. 

2. Trauma. Tissue necrosis may follow 
splenic injury. Fifteen per cent of the cases 
reported by Lemmon and Paschal' were 
due to trauma. 

3. Mycotic emboli. This may follow as a 
consequence of bacteremia which results in 
abscess formation. 

4. Local extension. Inflammatory proc- 
esses Involving tissue contiguous with the 
spleen (pancreas, pleura, bowel) may incite 
secondary changes in the spleen and cause 
abscess formation. 

5. Primary or idiopathic form. For roent- 
genologic purposes, liquefactive necrosis of 
the spleen, with or without secondary bac- 
terial involvement, may be considered as 
representing a splenic abscess. 


INCIDENCE 


In Africa, the increased incidence of 
sickle cell disease parallels the increased 
incidence of splenic abscess. Gelfand* has 
reported over 40 cases in Northern Rho- 
desia. Various authors have observed an 


over-all mortality of between 30 and 1 ๐ ๐ 
per cent, but this has diminished somewhat 
since the onset of the antibiotic era. 1:9: %10 


REPORT OF A CASE 


À 46 year old white male plumber was ad- 
mitted to Meadowbrook Hospital for the second 
time on November 23, 1962, with a complaint 
of abdominal pain and a 25 pound weight loss 
in the preceding month. His first admission in 
April, 1961, was for thrombophlebitis of the 
left leg. Treatment at that time consisted of 
anticoagulants and symptomatic medication, 
and he was discharged apparently in good 
health 3 weeks later. 

The patient remained well until February, 
1962, at which time he was seen tn the Breast 
Clinic at Memorial Hospital in New York for 
gynecomastia of the right breast and was 
followed until October, 1962 with no obvious 
improvement in this condition. 

On October 19, 1962, he was admitted to an- 
other hospital for pain in the abdomen. Hepato- 
splenomegaly was noted. His white blood cell 
count was 12,000 but he was not febrile. An 
intravenous pyelogram was reported as demon- 
strating pressure on the left kidney by a soft 
tissue mass. He was discharged on October 24, 
1962 with little improvement and entered our 
institution one month later. 

Physical examination at this time revealed 
the liver to be enlarged and the spleen to be 
palpable and tender. Temperature was 101.4?F. 
White blood cell count was 27,500. Five blood 
cultures in 2 days revealed only Staphylococcus 
albus, coagulase-negative (which was felt to be 
a contaminant) on one occasion. 

Roentgenograms on admission showed a 
diffuse haze in the left upper quadrant of the 
abdomen with hepatomegaly and spleno- 
megaly, as well as a collection of air below an 
elevated left hemidiaphragm. Gastrointestinal 
series demonstrated paradoxic motion of the 
left hemidiaphragm and displacement of the 


* Director, Department of Radiology, Meadowbrook Hospital, East Meadow, Long Island, New York. 
+ Residents, Department of Radiology, Meadowbrook Hospital, East Meadow, Long Island, New York. 
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stomach medially by a soft tissue mass. A collec- 
tion of air in the soft tissue mass was noted te 
be outside the bowel, and a diagnosis of splenic 
abscess was suggested. 

On November 28, 1962 operation was per- 
formed and the spleen was found to be greatly 
enlarged, filling most of the left upper quadrant. 
The colon was displaced inferiorly and the 
stomach medially. Fifteen hundred cubic centi- 
meters of creamy purulent material were 
drained from the spleen, and it was noted that 
the capsule was adherent to the diaphragm. A 
splenectomy was performed. Cultures and 
smears from the spleen revealed no growth. 

The pathology report was (1) acute and 
chronic necrotizing splenitis probably secondary 
to infarction and (2) hemosiderosis. 

The patient did well postoperatively and was 
discharged after 25 days to be followed in the 
Surgery Clinic. 


ROENTGEN SIGNS 


Roentgenographically the followin 
of splenic abscess have been reported. 

Soft tissue mass in the left upper 
qu ee on the plain roentgenogram of the 
abdomen. This enlarged mass will be more 
rectangular and less elongated than the 


๐ signs 


kaan 





Soft tissue mass containing an air pocket 
displacing the splenic flexure of the colon infe- 
rorly, Note the rectangular shape of the splenic 
outline instead of the normal tongue-like configura- 


tion. 


Fic. 
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Fic. 2. Intravenous excretory pyelogram shows a 


soft tissue density in the left upper quadrant 
pulling the left kidney inferiorly. This occurs via 
traction on the lienorenal ligament by the en- 
larged spleen. 


usual tongue shaped spleen noted with 
splenic enlargeme ent due to s disease 
(Fig. 1). 

2. Presence of an extra alimentary collec- 
tion of gas in the left upper quadrant. This 
may take the form of small bubbles or an 
isolated pocket. If liquetactive necrosis has 

taken place, an air fluid level mav be dem- 
onstrated. 

3. Displacement of the splenic flexure of 
the colon. This mav be detected on the 
scout roentgenogram with colonic air acting 
as a contrast medium or by barium enema 
study. 

4. Interior displacement of the left kid- 
ney. This will be seen to best advantage on 
the intravenous pvelogram, but also may 
be observed on the scout roentgenogram. 
This displacement is believed to be due to 
the pull on the lienorenal ligament bv the 
enlarging spleen (Fig. 2).54 
c. Stomach bubble displaced medially. 


ne 
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lic. 3. Large splenic soft tissue mass containing an 
ar pocket and displacing the barium filled stomach 
medially and colon inferiorly. 


Gastrointestinal series and flat roentgeno- 
gram of the abdomen will reveal this find- 
ing. The gas pocket within the abscess may 
be easily mistaken for the fundic air sha- 
dow; however, the soft tissue thickness 
between the diaphragm and the gas pocket 
is usually greater than that seen between 
the diaphragm and the fundus (Fig. 3). 

6. Elevation of the lett hemidiaphragm 
which may or may not displace the medi- 
astinum (Fig. 4). 


7. Lett pleural effusion. This is a reactive 
pleural effusion indicating subdiaphrag- 


matic inflammatory disease. 


DISCUSSION 


[tis obvious that no single sign described 
abcve is characteristic of splenic abscess. In 
the presence of several such roentgen find- 
ings, correlated with the clinical. picture, 
splenic abscess must be included in the 
ditterential diagnosis of left subphrenic 
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inflammatory disease. The condition must 
be differentiated from subdiaphragmatic 
abscess, pancreatic abscess, nephritic or 
perinephritic abscess, and intestinal fistula 
w:th local abscess formation. 

It is interesting to postulate the reason 
tor the gas shadow seen on roentgenograms, 
in the absence of any gas producing organ- 
isms grown from blood or splenic cultures. 
Cockshott and Weaver? have suggested 
that oxvger, carbon dioxide and nitrogen 
are released from the red blood cells and 
tissue เท the process of liquefactive necrosis. 
The validity of this idea has yet to be con- 
clusively proven. Such a mechanism might 
explain the air shadow in our own case 
when all blood cultures were sterile. 

It is also of interest that the incidence of 
splenic abscess is high in those parts of the 
world where sickle cell disease is common.* 
This would favor infarction as an important 
etiologic factor. The development of small 
splenic infarcts on the basis of thrombosis 
in vascular channels with hemolysis of red 
blood cells is not unusual in sickle cell 
anemia. In the presence of septicemia, such 





Fic. 4. Posteroanterior roentgenogram of the chest 
demonstrating slight elevation of the left hemi- 


seen in this case. 
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infarcted areas become rather common sites 
for abscess formation. 


SUMMARY 


1. The etiology and pathology of splenic 
abscess are reviewed. 

2. An interesting case 1s reported. 

3. The roentgen criteria for the diagnosis 
of splenic abscess are discussed. 

4. In spite of the rarity of this condition, 
familiarity with the signs and symptoms on 
the part of the radiologist will allow for a 
preoperative diagnosis in some cases. 
Herbert R. Zatzkin, M.D. 

Department of Radiology 
Meadowbrook Hospital 
East Meadow, Long Island, New York 
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RADIODENSITIES OF THE SPLEEN ASSOCIATI 
WITH THALASSEMIA-S DISEASE* 
By J. E. WHITLEY, M.D.,t H. W. COOPER, III, M.D., D. M. HAYES, M.D., 
R. W. PRICHARD, M.D., and C. L. SPURR, M.D. 


WINSTON SALEM, NORTH CAROLINA 





I5 1929 Bennett! first described calcium 

and iron "incrustations" in the spleen 
and associated them with sicklemia. Subse- 
quentlv, areas of increased density in the 
spleen in conjunction with sicklemia were 
visualized roentgenographically and re- 
ported by Macht and Roman, Ehrenpreis 
and Schwinger,? Jacobson and Zuchermanm 
and recently by Hemley eż a/.4 The purpose 
of this communication is to report similar 
roentgenographic findings in a white male 
with thalassemia.S disease. 


REPORT OF A CASE 


The patient was a 26 year old white male with 
a life-long history of recurrent hemolytic crises 
and persistent anemia despite more than 100 
transtusions of blood. During the previous 5 
years, the patient's illness had been complicated 
by episodes of congestive heart failure, and in- 
creasing severity of anemia and hepatospleno- 
megaly. The parents and three siblings are not 
clinically affected by anemia. One brother had 
his spleen removed during childhood for a con- 
dition similar to that of the patient. Electro- 
phoresis of the patient's hemoglobin demon- 
strates the A-S pattern with 12 per cent fetal 
hemoglobin present. The father has A-S hemo- 
globin and the mother an increased amount of 
fetal hemoglobin. These findings were believed 
to substantiate a diagnosis of thalassemia-S 
disease. 

Roentgenographic examination at the age of 
15 years demonstrated a moderate enlargement 
of the patient's spleen, with diffuse mottling 
anc a reticular pattern of increased density. At 
the time of the present admission, the spleen 
had increased further in size and roentgeno- 
graphic density (Fig. 1). Because of lack of 
response of the patient's hemolysis to medical 
management, splenectomy was elected. A 1,750 
gm. spleen was resected which was covered by a 


* From the Departments of Radiologv, Medicine and Pathol 
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Fic. 1. A roentgenogram of the patient's | 
men at the age of 26 years demonstrating 
splenic enlargement and a diffuse and 
increased spienic density. 


translucent yellowish- white capsule ห 
herent fibrous tags. The sectioned sur! 
brown-red and traversed bv innumera 
white strands, cutting with increased re: 
Microscopically, there were large dep 
hemosiderin and of calcium salts. The . 
varied markedly in nature. Often there 
crustation of the supporting tissues, w 
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cium salts predominating. In other foci there 
were large collections of irregular yellow plates 
of hemosiderin, or collections of brown hemo- 
siderin granules. A small amount of calcium 
salts was associated with such foci. In the 
fibrous tissue around the hemosiderin plate and 
granule collections were multinucleate giant 
cells of the foreign body type. The areas of 
fibrosis associated with the mineral collections 
were broad and irregular in Pris and there 

was focal hemorrhage (Fig. 2). Hemorrhage in 
the red pulp occurred. also. "The capsule was 
thick and hvaline. Roentgenograms of the gross 
specimen (Fig. 3) and tissue slices (lig. 4) 
demonstrated a reticular pattern of increased 
density with interspersed fine (less than 1 mm.) 
punctate areas of increased density. In the gross 
specimen the confluence of the two patterns 
gave the appearance of coarse (2-5 mm.) 
nodulation enmeshed in a tangled Gaia 
network. 

Using a modification of the method of Peters 
et al. the spleen from the patient was found to 
contain 428 ug. of iron per gram of spleen (wet 
weight). A similar specimen taken from a nor- 
mal spleen, which was removed following death 
bv accident, showed a content of 107.6 ug. of 
iron per gram of spleen (wet weight). 


COMMENT 


The differential diagnosis of punctate 
and diffuse increases in splenic radiodensity 
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Fic. 2. Photomicrograph of spleen. Caleific material 
encrusts collagen fibers at the right. 
hemosiderin-laden macrophages are in the sinuses 
of the splenic parenchyma at the left, There is 
some focal calcification in that portion also 
(hematoxylin & eosin, 100X), 
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A roentgenogram of the surgical specimen 
demonstrating the tang ed reticular pattern of 
increased density, 


has previously been considered.? The prin- 
cipal differential of this particular pattern 
has been considered -o lie between sick- 
lemia and thorotrast deposition. Thoro- 
trast can usually be differentiated by his- 
tory, the normal or small splenic size, and 
the neat rent opacification of the abdomi- 
nal lymph nodes and liver. 

The pathologic findings ditfer most strik- 
ingly from those of sicklemia not in micro- 
scopic detail, but in the large spleen size. 
Pure sick er a of this duration is usually 
associated with splenic atrophy. The for- 
eign body granulomatous response is also 
unusual in degree. The large spleen size 1s 
more in keeping with thalassemia major, 
sickel cell-hemoglobin C disease, or thalas- 
semia-S disease. In the case of thalassemia 
major, the microscopic appearances usually 
differ from those in the present patient. 
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hig. 4. A roentgenogram of a 2 mm. cross sectional 
slice of the spleen demonstrating the density to be 
concentrated in the interstices and septa of the 
spleen with the lobules spared. 


Although the absolute values of splenic 
iron may not be completely accurate, there 
is little question that the fourtold difference 
in iron content noted between the diseased 
and a normal spleen is significant. 

Ot the previouslv reported cases with the 
clinical diagnosis of sicklemia and splenic 
opacification, the majority, if not all, have 


been in the Negro race. In the 3 cases in 
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which the hemoglobin electrophoretic pat- 
tern was reported, the homozygous-S char- 
acteristic was observed.’ This case shows 
that a similar pattern of splenic opacifica- 
tion can occur with thalassemia-S disease 
and in a person ostensiblv of Caucasian 
extraction. 


SUMMARY 


Punctate and diffuse increase in the 
density of the spleen occurring in a case of 
thalassemia-5 disease in a white male was 
demonstrated on zz vivo and in vitro roent- 
gerograms. 

J. E. Whitley, M.D. 

Department of Radiology 

The Bowman Gray School of Medicine 
Wirston-Salem, North Carolina 
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A ROUTINE SURVEY ROENTGENOGRAM OF THE 


ABDOMEN 





ON 500 CONSECUTIVE PATIENTS 


OVER 40 YEARS OF AGE* 


By HAROLD D. ROSENB SEN M.D., 


ARTHUR LIEBER, M.D., 


DANIEL J. HANSON, M.D,, 


and E DMU ND D. PELLE GRINO, M. Dp. 


LEXINGTON, KENTUCKY 


NA OUGH a routine roentgenogram 
of the chest is generally accepted as an 
integral component of a complete health 
evaluation, equal in importance to ส com- 
plete blood cell count and urinalysis and a 
close rival of a thorough history and physi- 
cal examination, there has been little 

studv of the ก อ benefits to be derived 
from a routine survev roentgenogram of the 
abdomen. Even though virtually all radi- 
ologists consider a survey roentgenogram 
4s a necessary component of intravenous 
urographv, and many appreciate its value 
as a preliminary step before contrast 
studies of the gastrointestinal and biliary 
tracts, there are no known institutions that 
obtain such a roentgenogram as a routine 
admission procedure. Levine and Crosbie? 
believe that this reluctance can largely be 
attributed to the necessitv for the patient 
to undress more completely than for a chest 
roentgenogram, to possible confusion result- 
ing from fecal material in the uncleansed 
intestinal tract, to the radiation exposure 
involved and to a lack of knowledge con- 
cerning the information that can be ob- 
tained from such a study. These investiga- 
tors derived from a routine abdominal 
roentgenogram valuable information that 
otherwise might have been overlooked in 11 
per cent of a series of 242 consecutive pa- 
tients admitted to a Veterans Administra- 
tion Hospital. This figure compares favor- 
ablv with the approximately 18 per cent 
of routine admission chest roentgenograms 
that revealed significant positive findings. 
These chest roentgenograms were reviewed 
bv the same investigators 
institution, apparently on similar patients. 


in the same 


Since to our knowledge there has been 
only one additional study* of the value of 
à routine admission roentgenogram of the 
abdomen, and this in an institution devoted 
to the care of patients with chest diseases, 
it seemed desirable to assess the informa- 
tion that could be obtained by such a pro- 
cedure on a series of patients seen at a 
University Medical Center treating a gen- 
eral hospital population. 


MATERIAL AND METHODS 


The first 500 patients over 40 years of age 
admitted to the inpatient and outpatient 
services of the newlv activated University 
of Kentucky Medical Center were selected 
for this study. Patients under 40 years of 
age were rejected to minimize objections 
concerning radiation exposure. Two hun- 
dred and sixty-eight patients were male 
and 232 female. Four hundred and seventy 
were white and the remaining 30 were 
Negroes. 

This Medical Center serves a patient 
population that is largely indigent. Since a 
facility such as this previously has not been 
available to the indigent population of 
Kentucky, most of the patients seen have 
serious medical problems. There was a very 
small percentage of admissions for routine 
health evaluation. It was expected that a 
relatively high percentage of positive 
roentgenograms would be found. 

A supine roentgenogram of the abdomen 
was made when the patient visited the 
Department of Radiology for routine chest 
roentgenography. There was no prior 
preparation of the patient, and no patient 
was recalled for a repeat study because of 
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the quality of the resulting roentgenogram. 
Although a few of the roentgenograms 
were not of optimal diagnostic quality, all 
were thought to be at least acceptable by 
the viewing radiologists. In addition to 
noting pathology, kidney and spleen out- 
lines, visibility of the properitoneal lines, 
psoas shadows and gas in the small bowel 
were recorded. Note was made of whether 
a properitoneal line had been cut off the 
roentgenogram by virtue of positioning or 
size of the patient. 

All of the roentgenograms were studied 
independently by 2 staff radiologists 
(H.D.R. and A.L.), and the results were 
tabulated with automatic data processing 
equipment. Roentgenograms on which 
there was disagreement were studied inde- 
pendently by a third radiologist (D.J.H.) 
with a consensus being finally reached in 
conference on all roentgenograms with 
disputed findings. 

Dual reading, with arbitration of dis- 
puted findings as suggested by Yerushalmy, 
Harkness, Cope and Kennedy;* who studied 
the results of mass roentgenography of the 
chest, was adopted to reduce false nega- 
tives. It is of interest that initial disagree- 
ment was of the same order as indicated by 
Garland? in discussing the accuracy of vari- 
ous diagnostic procedures. There was dis- 
agreement as to the presence of significant 
pathology on the first readings in 22.0 per 
cent of the roentgenograms. Much of this 
disagreement stemmed not from observer 
errors so much as from variations between 
the 2 radiologists concerning the type of 
pathology to be considered significant. 

The criteria used to designate roentgeno- 
graphic evidence of pathology as “signifi- 
cant" were quite severe and much more 
rigid than those employed by Levine and 
Crosbie? or Nishio, Kass and Levine.‘ 
Phleboliths, degenerative changes of the 
lumbar spine, arterial calcification (unless 
suggestive of aneurysm), prostatic calculi, 
minor congenital anomalies, scoliosis and 
similar changes were recorded but not 
tabulated as significant pathology. Such 
conditions were not felt to add materially 
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to the physician's evaluation of the pa- 
tient's health. 

Finally, the patients’ clinical records 
were reviewed to evaluate agreement be- 
tween the roentgenographic findings and 
other clinical data and to determine, if 
possible, what information is gained from a 
survey roentgenogram of the abdomen that 
would be missed with a good baseline 
history, physical examination and basic 
laboratory studies. To this end, the total 
record of each individual (87 patients with 
96 diagnoses) with roentgenograhic evi- 
dence of significant pathology unsuspected 
on the clinical evaluation, or suggestive 
evidence of pathology requiring additional 
studies, was reviewed in detail by one of us 
(E.D.P.), a clinician, to determine the 
adequacy of the clinical data. The records 
of patients adjudged to have adequate 
histories, physical examinations and labora- 
tory studies were assessed to determine 
whether the data were sufficiently sugges- 
tive of the condition seen on the survey ab- 
dominal roentgenogram to permit a direct 
diagnosis, or point to the need of additional 
studies directed toward revealing the condi- 
tion. 


RESULTS 


Table 1 shows the over-all results of this 
study. 

Category I (no significant pathology). 
Approximately two-thirds of the patients 
showed no significant pathology on the 
routine abdominal roentgenogram. 

Category IT (significant pathology con- 
sistent with initial clinical evaluation). 
There were 60 (12.0 per cent) patients with 
68 (13.6 per cent) significant roentgeno- 
graphic findings (Table 11) which were 
consistent with the initial clinical evalua- 
tion. The diagnosis would have been forth- 
coming since an abdominal roentgenogram 
or additional roentgen examinations were 
indicated and ordered in the course of the 
patient’s clinical evaluation. The survey 
film of the abdomen was only of corrobora- 
tive value in these instances. 

Category TII (significant pathology 
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TABLE 1 


PATHOLOGY DISCOVERED ON A SURVEY ROENTGENOGRAM OF THE ABDOMEN ON 6 ๐ 0 CONSECUTIVE PATIENTS 
OVER 40 YEARS OF AGE 


Category No. of Patients Diagnoses 
I. No significant pathology 327 ( 65.4%) 327 ( 65.4%) 
II. Significant pathology consistent with initial clinical evaluation 60 ( 12.0%) 68 ( 13.6%) 
IH. Significant pathology missed on survey 9( 1.8%) 9( 1.8%) 
IV. Suggestive evidence of pathology ruled out by additional studies 24( 4.8%) 24( 4.8%) 
V. Suggestive evidence of pathology requiring additional studies 52 ( 10.4%) 56 ( 11.2%) 
VI. Significant pathology unsuspected on initial clinical evaluation 35( 7.0%) 40{ 8.0%) 


Totals 





507 (101.495)* | $24 (104.8%)* 


* 'The roentgenographic findings placed some patients in more than one category, and in some patients more than one diagnosis in a 
single category was made. This accounts for the total percentages exceeding 100%. 


missed on survey). There were 9 (1.8 per 
cent) instances in which significant path- 
ology was missed. These are true “false 
negatives" since review of the abdominal 
roentgenogram, after perusal of the pa- 
tients’ records, showed definite pathology 
that was not observed on the dual reading 
(Table ri). One error (a pelvic mass) was 
not clearly visible on the survey roentgeno- 


Tase II 


SIGNIFICANT PATHOLOGY CONSISTENT WITH INITIAL 
CLINICAL EVALUATION 





Category II 
No. of 
WC i Positive 
Roentgenographic Diagnosis Roentgen- 
ograms 
Adynamic ileus I$ 
Renal lithiasis 8 
Hepatomegaly 6 
Splenomegaly, hepatosplenomegaly, 
ascites 4 each 
Cholelithiasis, heavy metal therapy 3 each 
Enlarged kidney, abdominal aortic 
aneurysm, spinal fusion, old pelvic 
injury, malum coxae senilis 2 each 
Retroperitoneal mass, toxic colitis, uter- 
ine fibroid, pathologic fracture of the 
lumbar spine (from metastatic malig- 
nancy), calcification in a malignant 
tumor, bullet, protrusio acetabuli, 
osteomyelitis, osteitis pubis, neuro- 
pathic joint disease, severe localized 
intervertebral disk disease (possibly 
infectious) 1 each 





gram because of less than optimal roent- 
genographic technique. The roentgenogram 
of the patient with Paget’s disease was 
interpreted as showing a few small osteo- 
blastic metastases. It is evident that 
difficulty was encountered in identifying 
some pelvic masses. 

Category IV (suggestive evidence of 
pathology ruled out by additional studies). 
Seventy-six roentgenograms (Categories IV 
and v) revealed enough evidence suggestive 
of significant pathology to warrant addi- 
tional clinical studies. In 24 (4.8 per cent) 
instances (Category Iv) sufficient studies 
were performed in the course of the pa- 
tients’ evaluation to rule out the pathology 
suggested. These findings are listed in 
Table 19 and in a sense represent justifiable 
"false positives." These “‘fales positives" 
are not true errors since the roentgeno- 


Taste II 
SIGNIFICANT PATHOLOGY MISSED ON SURVEY 
Category III 
No. of 
Mi R hic Di . Positive 
issed Roentgenographic Diagnosis Rentgeno- 
grams 


Pelvic mass (one due to poor roentgeno- 
graphic technique) 

Perinephric abscess, hepatomegaly, 
ankylosing spondylitis, ascites, Pag- 
et’s disease . 





9 ๐ 6 


TABLE IV 


SUGGESTIVE EVIDENCE OF PATHOLOGY RULED 
OUT BY ADDITIONAL STUDIES 


Category IV 
No. of 
s dud Positive 
Roentgenographic Diagnosis Rentgeno- 
grams 
Renal lithiasis g 
Ureteral lithiasis 4 
Abdominal aortic aneurysm 3 
Adynamic ileus, splenomegaly 2 each 
Pelvic mass, left upper quadrant mass, 
right upper quadrant abscess, small 
kidney, cholelithiasis, adrenal calcifi- 
cation, abnormal intestinal gas col- 
lection, compression fracture of a 
vertebral body 


1 each 


graphic evidence, although not conclusive, 
was sufficiently convincing to require the 
additional investigation. 

Category V (suggestive evidence of pa- 


TABLE Y 


SUGGESTIVE EVIDENCE OF PATHOLOGY 
REQUIRING ADDITIONAL STUDIES 


Category V 
No. of 
Roentgenographic Diagnosis | 0 — 
grams 

Renal lithiasis 9 
Ureteral lithiasis 7 
Cholelithiasis 6 
Adrenal calcification, abdominal aortic 

aneurysm 4 each 
Small kidney, unusual abdominal calci- 

fication 5 each 
Enlarged kidney, splenomegaly, un- 

usual liver calcification, unusual pel- 

vic calcification 2 each 
Foreign body in liver, foreign body in 

pelvis, hepatomegaly, enlarged gall- 

bladder, pelvic mass, retroperitoneal 

mass, splenic artery aneurysm, benign 

lytic lesion of the pubis, sacroiliac 

arthritis, severe localized L4-Ls de- 

generative disk disease, infarct of the 

femoral head, severe spina bifida 

(with dribbling of urine) I each 
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thology requiring additional studies). Án 
additional 52 (10.4 per cent) patients in 56 
(11.2 per cent) instances (Table v) revealed 
sufficient evidence of significant pathology 
to warrant additional studies which as yet 
have not been performed. It should be 
noted that the clinical services did not have 
the benefit of the findings on the abdominal 
roentgenogram unless such was ordered as 
part of the patient's general study. There 
can be no doubt that many of these patients 
harbor the suggested disease process, but it 
is impossible to know at this time the exact 
percentage since many are either dead, 
unavailable, too old or too infirm to justify 
further investigation. 

Category VI (significant pathology unsus- 
pected on initial clinical evaluation). There 
were 35 (7.0 per cent) patients with 40 (8.0 
per cent) findings, shown in Table vi, of 
significant pathology which was not sus- 
pected at the initial examination of the 
patient. Although some of these diagnoses 
were established by the clinical services in 
due time, most of the patients were dis- 
charged without such diagnoses being 
entertained. Nevertheless, it is felt that the 
roentgenographic evidence is sufficiently 
convincing to warrant the diagnoses even in 


TABLE VI 


SIGNIFICANT PATHOLOGY UNSUSPECTED 
ON INITIAL CLINICAL EVALUATION 





Category VI ๑ 
No. of 
3 i Positive 
Roentgenographic Diagnosis Roentgeno- 
grams 
Cholelithiasis II 
Renal lithiasis 8 
Previous heavy metal therapy 5 
Splenomegaly, hepatomegaly, meta- 
static carcinoma of prostate 2 each 


Hepatosplenomegaly, hepatic artery 
aneurysm, splenic artery aneurysm, 
surgical needle in abdomen, eventra- 
tion of left leaf of diaphragm, broken 
nail in hip, small kidney, gastric 
atony, ankylosing spondylitis, uter- 


ine fibroid I each 
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ไจ เห บ อ VH 


FREQUENCY OF IDENTIFICATION OF PROPERITONEAL LINES, KIDNEY OUTLINES, 


Both definitely seen | aec pee 200) 
Only one definitely seen | i507) 
Neither definitely seen | 88 (17.6%) 
No. of initial disagreements | [20986 





those cases where clinical corroboration was 
not obtained. 

Evaluation of the presence of properi- 
toneal lines, kidney outlines and psoas 
shadows are tabulated in Table vir. In 122 
(22.4 per cent) roentgenograms, at least one 
properitoneal line was cut off due to poor 
positioning or the size of the patient. The 
frequency with which small bowel gas and 
the splenic outline was observed is shown in 
Table vin. 

Results of the review of the patients’ 

clinical records are shown in Table 1x. A 
significant number of records revealed the 
history, physical examination and labora- 
tory data to be inadequate to enable the 
clinician to suspect the suggested abnor- 
mality. These patients were seen either in 
the emergency room as outpatients or were 
admitted for surgery. In these instances, 
the clinician’s attention was obviously 


focussed on the problem at hand. It is of 


special interest that in those patients with 
adequate evaluation, the history, physical 
examination and laboratory data would not 
have led to the condition discovered on the 
survey abdominal roentgenogram in ap- 
proximatelv 75 per cent of the individuals 
studied. 


COMMENT 


The results of this study suggest that a 
routine survey roentgenogram of the abdo- 
men approaches Or equals the value of a 
routine chest roentgenogram as a source of 
unsuspected pathologv. Since the many 
reported mass surveys with chest roent- 
genograms have been on population sam- 
ples vastly different from our patients, the 
written reports of the initial chest examina- 


AND PSOAS SHADOWS 





Psoas Shadows 


108 (21.6%) ] 277 (55.4 76) 
173 (34.6%) 131 (26.2%) 
219 (43.8%) | 92 (18.4%) 
143 (28.6%) | 10$ (21.0%) 


tion (posteroanterior and lateral) of these 
coo individuals were reviewed. Forty-one 
per cent of the chest roentgenograms dem- 
onstrated evidence of significant pathology. 
This figure is comparable to the 32.8 per 
cent of abdominal roentgenograms showing 
positive evidence of similar significance. 
Onlv 1 case of degenerative disease of the 
lumbar spine was accepted as significant. ไท 
this instance the appearance raised the 
possibility of an infectious process. [t was 
felt at the outset that determination of 
symptomatically "significant" degenera- 
tive disease of the lumbar spine was not 
dependable from a roentgenogram of the 
abdomen. Undoubtedlv, some instances 
of severe degenerative spinal disease were 
significant, and had thev been included, the 
percentage would have equaled or exceeded 
41 per cent. Well over 9 ๐ per cent of the 
patients showed some degenerative spinal 
changes. There were 27 roentgenograms 
that showed distinct narrowing of an inter- 
vertebral space despite the fact that Ls-S1, 
and often L4-Ls, are poorly projected for 
this purpose. Ten other roentgenograms, 
not included in the tables, were recorded as 
showing osteoporosis. Levine and Crosbie? 
and Nishio, Kass and Levine! accepted such 


Taste VIII 


FREQUENCY OF IDENTIFICATION OF SPLENIC 
OUTLINE AND SMALI. BOWEL GAS 





|! Small Bowel 

| Gas 

o OC 2%) 146 (29.2%) 
EE (902,89 ON 354 (70.8%) 


Spleen 


Definitely seen 

Not definitely seen 

No. of initial 5: | 
disagreements | Sa (14.490) | 
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TABLE IX 
REVIEW OF CLINICAL EVALUATION OF PATIENTS IN Categories V and VI 
(87 patients with g€ diagnoses) 
Adequate Clinical Evaluation 
Inadequate Adequate Suggestive of Not Suggestive 

Diagnosis of Diagnosis 

History 25 (26.17%) 71 (73.6770) 20 (28.2%) 51 (71.870) 
Physical Examination 28 (29.2%) 68 (70.892) 13 (19.1%) 55 (80.9%) 
Laboratory Data 31 (32.390) 65 (67.7%) 15 (23.1%) 50 (76.9%) 


findings as indicating significant disease. It 
is of some interest that abnormal arterial 
calcification was recorded on 204 occasions, 
and phleboliths were noted on 409 studies. 

It is clear that a routine survey roent- 
genogram of the abdomen will demonstrate 
an appreciable number of disease processes 
that are missed with the usual thorough 
histories, physical examinations and labora- 
tory studies performed by both, house and 
attending physicians in a University Hospi- 
tal. This study revealed that renal stones, 
gallstones, and abdominal aneurysms are 
frequently, if not usually, silent. Findings 
of this nature have significant implications 
for the patient’s future medical care. Care- 
ful follow-up of selected individuals from 
this group may well contribute to our 
knowledge of the natural history of entities 
such as renal stones and abdominal aneu- 
rysms. 

The data of this survey indicate that 
absence of one or both renal or psoas out- 
lines, as well as the properitoneal fat lines, 


is frequent and should be considered of no 
significance without confirmatory findings 
of disease (Table vir). Elkin and Cohen! 
came to a similar conclusion concerning the 
psoas shadows after reviewing roentgeno- 
grams of 200 patients with particular em- 
phasis being placed on the appearance or 
absence of the psoas outlines. Kidney out- 
lines were distinctly less frequently seen 
than psoas shadows or properitoneal lines. 
The frequency with which small bowel gas 
could be identified (Table viri) was surpris- 
ing. Although this figure (29.2 per cent) 
includes cases in which small bowel gas was 
indicative of disease, 1t 1s obvious that gas 
often can be seen in this location without 
being pathologic. 

Tt is evident from Table x, as expected, 
that the percentage of abdominal roent- 
genograms showing significant disease in- 
creases with the age of the patient. This 
consideration, in addition to the reduced 
hazard of radiation induced genetic dam- 
age, suggests that survey roentgenograms 


TABLE X 


EVIDENCE OF PATHOLOGY RELATED TO AGE 









Total Patients 


Less than 50 211 ( 42.2%) 








50-60 159 ( 31.8%) 
60-70 go ( 18.0%) 
Over 70 40( 8.0%) 
Totals 500 (100.0%) 






Category V Category VI 
Suggestive Evidence of | Significant Pathology 
Pathology Requiring Unsuspected on Initial 
Additional Studies Clinical Evaluation 












14 ( 6.6%)" 5 ( 2.4%)* 
15 ( 9.4%)* 11 ( 7.0%)* 
17 (18.8%)* 9 (10.0%)* 
6 (15.0%)* 10 (25 .0%)* 
52 (10.4%) 35 ( 7.0%) 


* These percentages relate to the total number of patients in this age group. 
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of the abdomen should be restricted to 
individuals beyond the age of 40 years. 

This survey not only has been of value in 
revealing unsuspected pathology and iden- 
tifying patients to be recalled for needed 
additional studies but also has distinctly 
sharpened the diagnostic acuity of the 
participating radiologists. Individual blind 
spots (splenic outlines, renal stones, etc.) 
were identified with edifying results and 
further emphasize the need for dual or 
triple readings (preferably by different 
individuals) in studies of this nature. It 
became clear that, for a positive diagnosis, 
calcification must be seen in both walls of 
an abdominal aortic aneurysm since a 
single curvilinear line of calcification well to 
the left of the location of a normal aorta 
may represent only aortic tortuosity. 

Although the benefits of a survey such as 
this are significant, it represents a prodi- 
gious amount of labor which would be 
nearly unapproachable without data proc- 
essing equipment. It is worth emphasizing 
that the information being sought should 
be clearly defined before an investigation of 
this nature is started, and the usual inclina- 
tion to broaden the project should be 
sternly rejected. 


SUMMARY 


A routine survey roentgenogram of the 
abdomen on the first 5oo patients over 40 
years of age admitted to the outpatient and 
inpatient services of the University of 
Kentucky Medical Center were studied 
independently by 2 radiologists. Discov- 
ered pathology and frequency of visualiza- 
tion of various normal structures were 
recorded. Disagreements were arbitrated in 
conference with a third radiologist. Clinical 
records were reviewed by the radiologists 
and a clinician to determine whether the 
suggested pathology would have been, or 
should have been, discovered or suggested 
in the initial clinical evaluation of the pa- 
tients. 

The results indicate that a roentgeno- 
gram of the abdomen is comparable in 
value to a chest roentgenogram as a survey 
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procedure to uncover pathology 1n a group 
of patients such as those included in this 
study. Seven per cent (35) of the patients 
revealed 40 roentgenographic diagnoses of 
significant pathology unsuspected on the 
initial clinical evaluation. In 10.4 per cent 
(52) additional patients, roentgenographic 
evidence of pathology was sufficiently sug- 
gestive of £6 diagnoses to require additional 
studies. These 96 conditions discovered on 
the abdominal roentgenograms were not 
suspected in approximately 75 per cent of 
those patients adjudgec to have had ade- 
quate histories, physical examinations and 
laboratory studies. Equivocally significant 
entities such as degenerative disease of the 
lumbar spine are not included in these 
totals. There were 9 (1.8 per cent) instances 
of significant pathology missed on the sur- 
vey. Absence of one or both kidney out- 
lines, psoas shadows or properitoneal lines 
Is quite common and of no significance 
without additional confirmatory positive 
findings. 

It is apparent from this study that in a 
population admitted to a general hospital, a 
routine survey roentgenogram of the abdo- 
men on all individuals over 40 years of age 
will reveal a significant number of abnor- 
malities which would not be detected even 
with a good general evaluation. 


Harold D. Rosenbaum, M.D. 
Department of Radiology 

University of Kentucky Medical Center 
Lexington, Kentucky 
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OENTGENOGRAPHIC | examination 
of the breast has been emploved for 
many vears in many countries by many 
physicians but usually in a more or less 
sporadic fashion. A few investigators, how- 
ever, sustained a special interest in the 
procedure, making contributions of various 
kinds and value toward its develop- 
Ment oos he These ellorts puis: che 
crucial fact that surgeons now are receptive 
to any procedure that might favorably 
change the cure rate of cancer of the breast, 
a figure little altered for vears, have gen- 
erated a widened investigation regarding 
the value of mammography. 

Confusion has arisen among radiologists 
due to the differences in recommended 
roentgenographic techniques, the dificul- 
ties encountered in executing certain ones, 
the complexities of roentgenologic iden- 
tification of diseases of the breast, and 
the varying degrees of clinical effectiveness 
as sli Dy 1 s methods. 


aspects o a mammography. 

The first phase of this project has been 
completed and its results have been applied 
in over 2,000 examinations. The present 
report gives the methods emploved and the 
results produced which have made possible 
the dev elopment of a mammographic tech- 
nique suitable for use by all radiologists. 

Low kilovoltage and fine grain film are 
inescapable requirements for satisfactory 
mammographic work. Since in this kv. 
range space charge effects often reduce the 
tube current below the value on the ma. 
setting, the kv. meter frequently under- 
estimates the actual kilovoltage emploved. 


* From the Department of Physics and the Department of Diagnostic Radiolog gv, Mem 


New York, New York, 


Some of the techniques that have been 
published fail to take this into account. 
Damage to the roentgen-rav tube can be a 
real hazard, for the long exposures neces- 
sary to obtain good mammograms make 
burn- -up of the target a possibility. In addi- 
tion, the filament current may be raised to 
a " in excess of the tube capacity, lead- 
ing to a danger of filament burn-out. Also, 
at low kv. absorption of the roentgen rays 
by tissue is relatively high, producing great 

variations in the density of the exposed film 
with slight changes in the composition and 
size of the breast. Because of such facts as 
these, the skin dose is higher than in other 
diagnostic examinations and with some 
techniques it can constitute a hazard to the 
patient. 

MEASUREMENTS 
TECHNICAL FACTORS 


True ma. was measured by the panel ma. 
meter; kvp. was measured by a specially 
cali brated primary voltmeter and checked 
by spark gap, precision voltage divider and 
oscilloscope, high-voltage rectifier and elec- 
trostatic voltmeter, and spectra were ob- 
tained by computer analysis of absorption 
curves.“!" Time was measured bv an elec- 
tric stop clock. Thus the reported values 
of mas. and kvp. are true. 


DIAGNOSTIC QUALITY 


In this evaluation of mammographic 
techniques, it was our aim to define objec- 
tively for mammography all significant 
factors which enter into diagnostic quality 
and to devise quantitative and reproducible 
measurements of these factors. 

Contrast. As used here, contrast is a 


iorial Hospital for Cancer and Allied Diseases, 


Presented at the Tenth International Congress of Radiology, Montreal, Canada, August 26-September 1, 1562. 
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measure of the ability to separate by their 
differences in film density the various tis- 
sues which comprise the breast. At the low 
kv. employed in mammography, the differ- 
ence in film density is due primarily to the 
difference in effective atomic number of the 
absorber. To measure contrast, a special 
constant-thickness step wedge was de- 
signed in which the absorber varied from 
100 per cent water (Z— 7.5) to 100 per cent 
polystyrene (Z — 5.8), the polystyrene being 
very nearly fat-equivalent. The slope of the 
linearized curve of optical density os. per- 
centage polystyrene was taken as a meas- 
ure of the contrast, and was called the 
“atomic number contrast." 

Density. The over-all film density pro- 
duced was defined as the density under- 
neath the fat-equivalent (polystyrene) and 
of the linearized Z-step wedge curve de- 
scribed above. This was called the “refer- 
ence optical density." 

Resolution. To define the ability of a 
technique to resolve minute flecks of calcifi- 
cation, a phantom consisting of a polysty- 
rene block with a number of tapped holes 
containing from 24 to 80 threads per inch 
was made. These holes were filled with a 
saturated solution of calcium nitrate. Films 
were exposed, and the largest number of 
threads per inch which could be resolved 
was noted. This value, "threads per inch 
resolvable," indicates the degree of resolu- 
tion of which a technique is capable. 

Latitude. The sensitivity of film density 
to variation in absorber thickness was 
measured by metering the density variation 
of a film exposed under a composite lucite- 
polystyrene step wedge. This variation, the 
"thickness dependence,” has been ex- 
pressed as the per cent change in mas. 
necessary, per cm. change in absorber 
thickness, to maintain a constant optical 
density. It is an inverse measure of the 
ability of a technique to demonstrate on a 
single film both the internal breast struc- 
tures, where the absorber is thick, and the 
skin where the absorber is thin. 

Tube cooling time. The tendency toward 
tube overheating was measured by deter- 
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TABLE | 


RANGE OF TECHNICAL FACTORS 
Kilovoltage (peak) 25, 30, 35 


Added filter (mm. Al) 0,1, 1 
Film type Non-screen, AA, M* 


Target skin distance (inches) 16, 36 
Milliampere seconds (for ret- 

erence O.D.) 1.0, 2.0 
Focal spot (mm.) 1,4 
Development time (min.) 5, IO 


Standard technique: 30 kvp.; 4 mm, Al added filter; AA film; 16 
inch target skin distance; reference optical density 92; 2 mm. 
focal spot; 5 min. development. 

* See text for other film types checked for suitability, 


mining the minimum safe cooling time 
between repeated identical exposures. This, 
of course, varies with the tube employed; 
reported values are for a Dynamax 5o. 

Skin dose. This was measured by a Me- 
morial Hospital diagnostic x-ray chamber, 
embedded half-way in a paraffin block, 
using a Baldwin-Farmer electrometer. 

Those technical factors whose effects 
were examined and the range of which was 
investigated are shown in Table 1. Since to 
investigate all combinations of the various 
technical factors would require an im- 
practicably large number of films, a stand- 
ard technique was set up and the various 
technical factors were varied, one at a time, 
from the standard values. 


RESULTS 


The various measurements which were 
made are summarized in Tables 11 through 
vi. It is necessary to keep in mind in read- 
ing these tables that, unless otherwise speci- 
fied, the technical factors used are those for 
the standard technique. 

Kilovoltage (peak). As kvp. is increased, 
the mas. required to expose a film properly 
decreases sharply and the skin dose also 
decreases. The latitude improves, but the 
contrast diminishes. At the same time, the 
resolution is somewhat degraded, presum- 
ably due to an increase in Compton scat- 
tering and a decrease in the difference 
between the absorption coefficients of 
calcium and soft tissues. A marked im- 
provement in cooling time is noted. 
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Taste II 
EFFECT OF KILOVGLTAGE (PEAK) 
Kvp. 

25 3e 35 
Added filter (mm. Al) ๐ 1/2 1 
Milhampere seconds 2,300 960 350 
Skin dose (r) 19 6 2 
Atomic number contrast 2.0 I.5 I.I 
Thickness dependence (95 mas./cm.) 28 22 18 
Resolution (threads/inch) 72 64 56 
Cooling time (min.) 2.0 0.9 0.3 

Tague III 
EFFECT OF ADDED FILTRATION 

Kilovoltage (peak) 30 30 30 
Added filter (mm. Al) ๐ 1/2 I 
Milliampere seconds 720 960 1,300 
Skin dose (r) IO 6 5 
Atomic number contrast 1.7 1.5 โ .4 
Thickness dependence 26 22 20 
Resolution 64 64 64 
Cooling time (min.) 0.7 0.9 1.2 


Filtration. As filtration is increased, the 
exposure required also increases with an 
improvement in skin dose. The resolution is 
not markedly affected, the contrast is 
slightly reduced, and the cooling time in- 
creases. An increase in added filter from 
zero to 0.5 mm. aluminum results in a sub- 
stantial reduction in skin dose, but an 
increase from 0.5 to 1.0 mm. aluminum 
further reduces the skin dose only slightly. 
In consequence of these findings, an added 
filter of o.; mm. aluminum was adopted as 


the standard in addition to the inherent 
filtration of the tube. 

Target skin distance. An increase in the 
target skin distance from 16 to 36 inches 
requires about a fourfold increase in mas. 
and consequently a sixfold increase in cool- 
ing time. The skin dose is only slightly 
reduced but the resolution is improved 
considerably. It is now evident that the 
standard target skin distance of 16 inches 
emvloyed throughout this series of determi- 
nations was too small, causing an undue 


TasLE IV 
EFFECT OF TYPE OF FILM 
Film Non-screen AA M Polaroid 

Milliampere seconds 240 960 3,200 IO 
Skin dose (r) 1.5 6 20 0.06 
Atomic number contrast I.5 1.5 1.5 very small 
Thickness dependence 22 22 22 very small 
Resolution 48 64 64 24. 
Cooling time (min.) 0.2 0.9 4.2 o 
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TABLE V 


EFFECT OF FOCAL SPOT SIZE 


. Size of focal spot (mm.) I 2 
Resolution (threads/inch) 7À 64 
EFFECT OF TARGET SKIN DISTANCE 
Target skin distance (inches) — 16 36 
Skin dose (r) 6 5 
Milliampere seconds 96 ๐ 3,600 
Resolution (threads/inch) 64 80 
Cooling time (min.) 0.9 $27 
EFFECT OF INCREASED DEVELOPMENT TIME 
Development time (min.) 5 IO 
Film type M M 
Milliampere seconds 1,820 1,050 
Reference optical density 2.0 2.0 


loss of resolution and in consequence, a 
greater target skin distance has been em- 
ployed when patients are examined. 

Focal spot size. Reduction of focal spot 
size from 2 mm. to I mm. causes an im- 
provement in resolution. However, the 
danger of damage to the target is made so 
great that with industrial films an expo- 
sure must be interrupted, the tube allowed 
to cool, and the exposure resumed. This is 
of course impractical and it is thought that 
a comparable improvement in resolution 1s 
better gained by increasing the target skin 
distance as noted above. 

Film type. The films most thoroughly 
evaluated were Non-screen; type AA indus- 
trial, which requires about 4 times the 
exposure of Non-screen film; and type M 
industrial which requires approximately 3 
times the exposure of type AA. There was 
no measurable difference in the contrast or 
latitude of the 3 films, and the skin dose 
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varied exactly as the mas. required to pro- 
duce comparably exposed films. 

There was a very significant difference in 
the resolution measured. Non-screen film 
produced appreciably less resolution than 
either type AA or type M. This was readily 
noticeable on the roentgenograms of both 
patients and specimens. No measurable 
difference in resolution between type AA 
and type M films was found. It is believed 
that resolution 1s limited by factors such as 
focal spot size, kv., and target skin dis- 
tance, rather than by the grain when the 
grain becomes as small as that of type AA. 

Resolution tests were made on Kodak 


Blue Brand with a single screen, DuPont 


CommercialS with a single screen, and 
Ansco Hi-Speed with no screens. Resolution 
(as defined for mammography) was mark- 
edly inferior to that of the industrial films, 
and was not considered adequate for mam- 
mography. In consequence, further tests of 
these 3 films were not made. Ansco Super- 
Ray A and Super-Ray B, as well as Du 
Pont 506 and 510, were checked sufficiently 
to determine that they are approximately 
equivalent in most pertinent characteristics 
to Kodak AA and M, respectively. 

The dependence of resolution upon geo- 
metric factors and photon energy (as it 
affects absorption coefficients) has been 
discussed by Rossman, with results of 
tests on type M film. 

A limited study was made of Polaroid 
film which is of some interest because it 1s 
extremely fast, and, by its use, mas. and 
consequently skin dose can be significantly 


reduced. However, the resolution and con- 


trast of Polaroid film were so inferior as to 


Tague VI 


EFFECT OF MILLIAMPERE SECONDS 


Milliampere seconds 480 
Reference optical density 1.0 
Skin dose (rads) 3 
Atomic number contrast 0.75 
Thickness dependence 22 
Resolution s6+ 
Cooling time (min.) 0.4 


960 I,920 
2.0 4.0 
6 12 
Es 3.0 
22 22 
64 unreadable 
0.9 ร 1 ร 
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lead us to the conclusion that it was not 
presently practical for use in mammogra- 
phy. Type AA film, whose resolution in 
mammographic application is approxi- 
mately equal to that of tvpe M and which 
has about 3 times the speed, is considered 
to be the best choice for mammography at 
this time. 

Film development. The mas. required may 
be further reduced bv increasing the time of 
development. Table v shows that increas- 
ing the time from ร to 10 minutes permits a 
40 per cent reduction in mas. for type M 
film and a 20 per cent reduction for type 
AA with no significant loss of quality. 

Beryllium window tube. Preliminary tests 
of a beryllium window roentgen-rav tube 
designed with mammography in mind were 
carried. out. Results indicated that the 
additional output offered by a beryllium 
window was largely unusable, consisting 
mostlv of roentgen rays too soft to pene- 
trate the breast and expose the film. The 
skin dose with unfiltered beryllium window 
radiation can amount to several hundred 
roentgens per film. Added filtration roughly 
equivalent to the inherent filtration of a 
glass tube is therefore mandatory in the 30 
kvp. region. Aside from the window mate- 
rial, a feature of the particular tube tested 
was close spacing of cathode and target to 
reduce electron space-charge effects. This 
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required that the tube could not be used 
above 60 kvp. It was also noted that anode 
heat storage was substantially below that 
of the conventional glass tube used for the 
other tests here reported. 

At the present time, bervllium window 
tubes seem to offer no substantial advan- 
tage over glass tubes for mammography. If 
very fast films such as Polaroid are devel- 
oped with sufficient resolution and con- 
trast, it 1s possible that beryllium window 
tubes mav then show considerable advan- 
tage. Measurements are being made with 
other available mammographic units, and 
the results will be published subsequently. 

Studies on the use of a liquid bolus were 
carried out. Mineral oil was found to be an 
effective material. Other substances have 
been used.' The need for this special tech- 
nique was found to be very small in actual 
practice. 


MEMORIAL HOSPITAL TECHNIQUE 

The technique in use for mammography 
in the Department of Diagnostic Radiologv 
of the Memorial Hospital is given in Table 
vit. Exposures and kilovoltage are selected 
to give optimal contrast and resolution 
consistent with tube safety. Ample clinical 
experience has now been gained with this 
technique and it has been possible to com- 
pare the films so obtained with those of 
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other techniques. The total experience has 
given confirmation of the general superior- 
ity of this technique. 

Developing the exposure table. A simple 
rule of thumb may be used to determine 
exposures: each centimeter increase 1 ท 
breast thickness requires an increase of 1 
kvp. For fatty breasts, 1 kvp. may be de- 
ducted from the standard value; for firm 
breasts, 1 kvp. may be added; for very 
firm breasts, add 2 kvp. The absolute kvp. 
values of Table vu will not apply to other 
roentgen-ray machines, due to differences in 
inherent filtration, wave form, etc. A base 
kvp. must be established by trial and error 
for each roentgen-ray unit once àn mas. 
setting has been determined by tube load- 
ing and exposure time considerations. 
Having determined the base kvp. for a 
breast of known thickness, the “1 kvp. per 
1 cm. change in thickness” rule of thumb 
may be followed, enabling each radiologist 
to develop his own complete exposure table. 


CLINICAL CONSIDERATIONS 


This project in its clinical application has 
been informative in several important 
technical aspects. A practical as well as an 
excellent mammographic technique is 
clearly mandatory and the entire breast 
must be satisfactorily visualized, for a 
lesion not on the film cannot be detected. 
Two projections, craniocaudad and lateral 
oblique are used routinely with an addi- 
tional axillary or tail-of-the-breast view 
when indicated. In the lateral oblique 
projection, the film must be deeply placed 
against the chest wall and there must be 
close contact between the entire breast and 
the film. A cone centered to the mid-point 
of the breast is used with a target skin 
distance just great enough to include the 


entire breast without cutting any portion of 


it. Compression is not employed regularly. 
The shorter exposure time with AA film 
provides a distinct advantage over M film 
as respiratory motion is more easily 
avoided. All exposures are made in expira- 
tion. 

The breast need not be examined directly 
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by the radiologist prior to roentgenography 
but sometimes information concerning the 
clinical indings may be important in plan- 
ning full coverage of areas in question. The 
radiologist should examine the mammo- 
grams before the patient leaves so that 
special studies can be made if needed. If 
this is not done, there will inevitably be a 
number of NES All mammograms must 
be read with the aid of magnification anda 
bright light beam. 

Experience i in interpretation Is, of course, 
essential, for the compl exities of detection 
and diagnosis are indeed manifold. Locah- 
zation and removal of small lesions for 
biopsv may be frustrating to the surgeon 
and routine gross pathologic examination 

can easily bvpass a small lesion that i. 
genographic methods can now detect. 
pathologic diagnosis made by frozen section 
not infrequently may be altered when the 
formal sections are studied. Close coopera- 
tion between the radiologist, surgeon, and 
pathologist 1s often necessary. Experience 
with carcinoma in situ has demonstrated 
the need for this cooperation." 

Errors in detection and diagnosis by the 
radiologist mav not be revealed unless all 
patients are followed for a sufficiently long 
period and initial mammograms are care- 
fully compared with the latest ones. In 
other words, a breast called negative for 
cancer roentgenologicallv is not necessarily 
so in fact, and statistics emploving such a 
basis are open to question. The tendency to 
overdiagnose cancer in order to estab lish a 
near perfect accuracy in the detection of 
this disease leads to excessive use of biopsy, 
creates a serious inaccuracy in the recogni- 
tion of benign conditions, and weakens the 
confidence of the referring physician in the 
method. 


SUMMARY 


A series of tests has been carried out to 
determine an optimal technique for mam- 
mographv. The technique developed has 
been tested in over 2,000 examinations. 
Essential points are the use of Kodak AA 
film or its commercial equivalent; fixed 
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milltampere seconds and a relatively fixed 
target skin distance; and a variable peak 
kilovoltage determined by breast thickness 
and composition. Variations In roentgen- 
ray apparatus prohibit confident direct 
transfer of kvp. and mas. values; however, 
variations from a trial-and-error-deter- 
mined base kvp., determined by a “1 kvp. 
per 1 cm. change in thickness” rule, may be 
transferred. Clinical experience with the 
technique and other technical considera- 
tions are discussed. 


Robert S. Sherman, M.D. 

Memorial Hospital for Cancer 
and Allied Diseases 

444 East 68th Street 

New York 21, New York 


Computer work in the spectral calculations 
was supported by USPHS grant CA-o6102, 
with programming by Mrs. Nancy Dailey. 

Operative specimens and patients were pro- 
vided by members of the Breast Service, Dr. 
Joseph H. Farrow, Chief. 
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A NEW CONTOUR CASSETTE FOR MAMMOGRAPHIC 
ROENTGENOGRAPH Y* 
By ROBERT J. DONOVAN, R.T. 


Section of Roentgenology, Mayo Clinic 
ROCHESTER, MINNESOTA 


ITH increased general usage of mam- 

mographv (roentgenography of the 
breast), the need for a more satisfactory 
cassette for studv of the breast in the crani- 
ocaudad projection became apparent. With 
the usual craniocaudad projection made on 
a conventional rectangular film, large seg- 
ments of both the medial and the lateral 
portions of the breast near the chest wall 
cannot be included on the film. For this 
reason a cassette has been designed which 
conforms to the contour of the chest wall 
and permits demonstration of a much 
greater portion of the breast in this view 
(Fig. 1). 

A rectangular cardboard cassette (film 
holder), 10 bv 12 inches, was obtained and 
cut to the general contour of the anterior 
chest wall, as shown in Figure 2. In the 
dark room, the following procedure is used 
to cut the unexposed film to fit the contour 





Fic. L 


Craniocaudal roentgenogram of the right 
breast. The contour film provides for examination 
of considerably more mammary tissue than does 
the rectangular film. 





Fio. 2. The contour cassette. 


cassette. The cassette is placed on top of 
the 1 ๐ bv 12 inch roentgenographic film 
and the outline of the contour edge is traced 
on the film with a blue wax pencil. The film 
is then cut with a pair of scissors. This blue 
line can be seen easily with the illumination 
provided by the normal safe light in the 
darkroom. À number of films can be cut and 
stored in the regular darkroom film bin for 
future use. 

'The contour film permits examination of 
a greater portion of both the medial and the 
lateral aspects of the breast in the cranio- 
caudad projection than is possible on the 
routine film. It also can be used for spot 
checking a suspicious lesion evident on the 
routine roentgenogram. 

Because three corners of the film are left 
undisturbed, it can be fastened to the 
hangers which are used for roentgeno- 
graphic film processing and thus processed 
in the usual manner. 

In use, the contour cassette is supported 
by a piece of masonite board about 6 inches 
longer than the contour cassette but with 


* This work was carried out under the supervision of David M. Witten, M.D, 
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Fic. 3. A model demonstration of a contour cassette 
and film used to obtain a craniocaudal view of the 
breast. The cassette is placed in appositicn to the 
chest wall beneath the left breast. 


an edge cut to conform to the contour of the 
cassette. The board is placed with the 
shaped edge extending over the edge of the 
table next to the patient; a sandbag is set 
on the opposite end to hold the board in 
position. 


Robert T. Donovan 


AVRIL, 1964 


The patient sits as erectly as possible in a 
chair next toa table that has an adjustable 
top. The head is tilted slightly away from 
the side to be roentgenographed. The con- 
tour cassette is placed under the breast to 
be roentgenographed with the contour 
portion in close contact with the chest wall. 
The roentgenographic tube is centered di- 
rectly above the cassette so that the central 


beam passes through the center of the 


SUMMARY 


A simple contour cassette has been devel- 
oped for mammography. Its use permits a 
greater portion of the breast to be examined 
roentgenologically in the craniocaudad 
projection than is possible on the routine 
rectangular craniocaudad roentgenogram. 
The contour cassette is simple to use and 
the roentgenographic film can be cut and 
processed with ease. The use of a contour 
film is a valuable aid to mammographic 
roentgenography. 

Mavo Clinic 
Rochester, Minnesota 
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THERMOGRAPHY OF THE BREAST* 


By J. GERSHON-COHEN, M.D., D.Sc., SIMON M, BERGER, M.D., 
JO ANN D. HABERMAN, M.D., and R. BOWLING BARNES, Pu.D. 


NEW YORK, NEW YORK 





OENTGENOLOGISTS as a result of 
their training, readily comprehend the 
meaning of thermoradiography or thermog- 
raphv, a new diagnostic discipline con- 
cerned with the infrared portion of the 
same electromagnetic spectrum which in- 
cludes roentgen rays. Thermography 18 a 
term suggested to describe the art of ob- 
taining an image reproduction of the in- 
frared radiation spontaneously emitted by 
an object under study. Radiation of energy 
from the human bodv requires no medium 
of transfer and does not have to be stimu- 
lated by irradiation of any type. Infrared 
ravs travel in straight lines at the speed of 
roentgen rays or light, falling off in inten- 
sity as the square of the distance; and can 
be focused, reflected, refracted and re- 
corded by appropriate means on photo- 
graphic film, electrochemical paper or on 
television monitors. 

The spectrum of infrared rays, in the far 
infrared region, emitted from the surface of 
the human body depends on the absolute 
temperature and the character of the sur- 
face, namely the skin. Since the skin is al- 
most a perfect absorber of infrared radia- 
tion in the portion of the spectrum used 
for thermography, it may be regarded to a 
first approximation as a black bodv and so 
à perfect emitter. 

Infrared detectors are now available to 
measure surface temperatures at great 
distances. Modern techniques, for example, 
have made it possible to detect the heat of a 
match at 20 miles with a response time ot 
the order of microseconds. Scanners are 
available which will record heat images or 
thermograms on photographic film or elec- 
trochemical paper. Such a scanner, origi- 
nallv designed for military purposes, was 


recently described by Barnes.! This thermo- 
graph has been in dailv use in this institu- 
tion for over a vear and has quite recently 
been replaced by a new model, the Barnes 
Thermograph M-1. Two of these instru- 
ments together with two portable infrared 
thermometers and other ancillary equip- 
ment now form the basic instrumentation in 
ล new Division of Thermography of the 
Department of Radiology. 


METHOD AND RESULTS 


To eliminate spurious results due to 
changes in ambient temperature, the effect 
of clothing, exercise, perspiration, etc., 1t 1s 
necessary for the skin to be normalized. 


about ro minutes and when the breasts are 
examined, the arms are extended to avoid 
cross radiation of the axillae. The emitted 
infrared radiation is reflected and focused 
into the camera bv an overhanging front- 
silvered mirror angled at 45°. Depending 
on how large a field is scanned, exposures 
are completed in 4 to 12 minutes and the 
thermogram, printed on Polaroid film, is 
available 20 seconds later. A scale of grav 
half-tones is imprinted on each film ranging 
from white to black in eight steps and can 
be interpreted to span from 1? C. to 10° C. 
depending on the contrast setting employed 
for the particular lesion under study. 

All patients having roentgenographic 
examinations of their breasts have been 
routinely thermographed. To date, some 
750 patients have been studied of whom 
about 150 have been operated on, including 
40 cases of breast cancer. 

The normal breast in the thermogram 
can be recognized by its size, shape and the 
heat pattern of the overlying skin. The 


* Prom the Department of Radiology, Albert Einstein Medical Center, Northern Division, York and Tabor Roads, Philadelphia: 
Pennsylvania, and Barnes Engineering Company, Stamford, Connecticut, 

Assisted in part by a grant £CA-o7084-01 from the National Institutes of Health, Bethesda, Maryland; and supported in part by the 
Sam. S, Shubert Foundation, Inc., through the good offices of Mr. Lawrence Shubert Lawrence, Jr., New York, New York. 
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nipple is identified by a black spot produced 
on the film by a small circular tab of alumi- 
num foi (a poor emitter) placed on the 
nipple before scanning. Cool areas of the 
skin are portrayed in darker shades while 
warm areas appear in lighter shades. Tem- 
perature differences can be calculated from 
the gray scale as illustrated in Figure 1, 4, 
B and C which shows a case of an infiltrat- 
ing duct carcinoma. 

Tissues beneath the skin vary in their 
metabolic activity and blood supply; and of 
course, the skin itself has an exceedingly 
rich blood supply which varies widely 
under different conditions of health, disease 
and medication. The various sources of 
heat combine to create localized tempera- 
ture differences on the skin which can be 
thermographed and correlated with various 
physiologic and pathologic conditions. 

Malignant lesions of the breast can usu- 
aly be spotted on thermograms by the 
bright area over a patch of skin with tem- 
perature differences varying from 1? C. to 
7^ C.2® Not only can the thermographic 
findings confirm clinical and radiologic 
opinions, but they can also help formulate 
correct interpretations under otherwise 
questionable circumstances. For instance, 
in the following cases, thermography was 
the only diagnostic approach that indicated 
the pathology. 


REPORT OF CASES 


Case 1 (C-6857). Shortly after a cyst was re- 
moved from the right breast of this 38 year old 
patient, she noted another mass in the tail of 
the breast. After a delay of 1 year, she finally 
consulted her physician who confirmed the pres- 
ence of a firm, irregular, tender mass adjacent 
to the scar which he regarded as another cyst. 
Roentgenograms revealed what was reported 
as either accessory breast tissue or an area of 
mazoplasia cystica. Thermography disclosed 
increased skin temperature variations over both 
breasts, but nowhere exceeding 1° C. except 
over the area in question where the difference 
was 1.4° C. On this basis, a biopsy was urged 
and at the time of the operation the pathol- 
ogist reported from the frozen section cystic 
disease. Later, after study of the permanent sec- 
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tions, he changed his diagnosis to lobular 
carcinoma. Here then, we were confronted with 
a case in which the clinician, surgeon, radi- 
clogist and pathologist had difficulty in arriving 
at a diagnosis, whereas the thermographic evi- 
dence indicative of malignancy was proved cor- 
rect (Fig. 2, 4 and B). 


Case I (C-7153). After discovery of a lump 
in the left breast, this patient consulted her 
physician who suggested a re-examination be- 
cause he did not believe the mass to be domi- 
nant or associated with findings suggestive of 
malignancy. Re-examination 6 months later re- 
vealed no changes. Mastography was then done 
and disclosed a sharply circumscribed mass 
which resembled a benign process. Fortunately, 
biopsy was suggested because of the possibility 
of an unrecognized malignancy and when 
thermography revealed 1.3° C. skin temper- 
ature elevation over the lesion, which strongly 
suggested a malignant process, biopsy was done 
without delay. The pathologist reported an in. 
filtrative duct carcinoma with no evidence of 
metastasis to the axillary lymph nodes. This 
case again demonstrated the value of ther- 
mography in the presence of equivocal clinical 
and roentgenographic findings (Fig. 3, 4 and 
B). 


Case ri (C-6855). During a routine examina- 
tion, this patient's physician palpated a lump 
in the right breast. Roentgen studies failed to 
identify any changes suggestive of malignancy, 
but thermography revealed 2.3? C. elevation of 
skin temperature over the lesion compared 
with adjacent areas. Because of these findings, 
a surgical consultation was obtained, but again 
no dominant mass or changes in the breast to 
suggest malignancy were found. Nevertheless 
the surgeon was prevailed upon to do a biopsy 
which disclosed the presence of a scirrhous car- 
cinoma about 1.0 cm. in diameter with no in- 
volvement of the axillary lymph nodes. This 
case again illustrates the value of thermography 
in arriving at a correct diagnosis of malignancy 
in the absence of clinical or roentgenographic 
evidence (Fig. 4, 4 and B). 


COMMENT 


Benign diseases of the breast are reflected 
by various mosaic patterns probably re- 
lated in part to the distribution of subcu- 
taneous veins, in part to the character of the 
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(A) Roentgenogram of infiltrating duct car- 
cinoma of left breast located approximately 3 em. 
below skin surface 1n mid-line just below level of 
nipple. (B) In the tiermogram of both breasts, a 
rectangular ight grav zone due to increased mfra- 
red emission runs upward and inward below the 

1: ie, (C irradiation in the right. axilla 
arm was not completely extended ac- 
counts for the temperature elevation in this area.) 
(C) Diagrammatic illustration of 5. When the 
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1° C. Malignancy is thus suspected 

3 are associated 
with lower skin temperature elevations. Fat is a 
poor conductor of infrared rays, yet in this case 
enough conduction oceurred through a layer of 
more than 3 em. to be of diagnostic value. 
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Vic. 3. Case u. C4). Mastograms show a compact, 
circumscribed mas 
à benign proc 





s in the left breast suggestive of 
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clade the possibility of malignancy. (8) Thermo- 
gram reveals increased skin temperature over 
much of the left breast, but in one area, the eleva 
tion. reached n37 C., suggesting a malignant 
process. An infiltrating duct carcinoma was found 
without evidence of metastasis to the axillary 
Jempa nodes, 
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tul of the right breast near the axilla, reported as 
either due to accessory mammary tissue or mazo- o? C, except over the area of the lesion where the 
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als อ mosaic difference was 1.4? C. For this reason, the proh. 





of warm patterns over both breasts, but the differ- ability of malignancy was suggested. and finally 
ence of skin temperature is nowhere in excess of confirmed as lobular carcinoma by the pathologist. 
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fat content of the breast and, finallv, in 
part to the metabolic activity of the benign 
process. Areas of slightly elevated tempera- 
ture which frequentlv appear within the 
darker cool skin surfaces of the average 
breast seem due to the increased heat con- 
ducted to the skin from subcutaneous veins. 
The broader expanses of darker shades of 
grav over the breast are usually due to the 


E 


fat in the breast so that the less fat, the 
higher the temperature, the greater is the 
emission and the lighter are the shades. 
When computations of the skin tempera- 
ture differences are made with reference to 
the standardized grav scale on each thermo- 
gram, seldom are thev found to be more 
than 1? C. over benign processes. In certain 
cases temperature differences greater than 


1? C. have been recorded in cases where the 
onlv lesions found by the pathologist 


proved to be certain types of fibroadenoma 


cannot be made out of context; other diag- 
nostic findings, including those of mastog- 
"aphv, should also receive due considera- 
tion. At the moment, we do not understand 
why some benign processes should cause 
skin temperature elevations of 1° C. or 
more, but we suspect that increased cellular 
proliferation and metabolic activity may be 
responsible. Just as with the increased 
cellular proliferation of the breast which 
occurs during the later stages of pregnancy 
when there is increased elevation of skin 
temperature, so in active cellular prolifera- 
tions and infiltrations which occur during 
certain phases of mazoplasia, fibroadenoma 
or inflammation, similar skin. temperature 
elevations may also occur. In Figure §, a 
case of pregnancy is illustrated. The gener- 
alized skin temperature elevation over both 
breasts, therefore, mav be similar to the 
localized skin temperature elevation in 
benign conditions as shown in the breasts of 
Figure 6, 4 and B. After sufficient studies 
have been accumulated, some other level of 
skin temperature differences than 1° C. 
may be found more appropriate for distin- 


in the breast; but we would venture to say 


Thermography of the Breast 


ro 
(R) 


แว 





lic. 4. Case ut. (4) Mastograms show distorted 


trabecular pattern in the upper right breast not 
recognized as due to malignancy. (5) Phermogram 
reveals diffuse increased skin temperature eleva- 
ton over the entire right breast, but over the 
lesion the elevation was 2.3? C., thus suggesting 
the presence of malignancy. A small scirrhous 
carcinoma was found without axillary lymph node 
metastasis. 
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lic. s, Thermogram of a patient in the eighth month 
e TE OS 0 เง SIDES " 


over d s (ome das. ion in un ni e 
arrows] accounts lor localized elevated skin tem- 
perature.) Nipples and center of navel are marked 
with aluminum disks. 


that no matter what arbitrary level is found 
from statistical analysis of the data to be 
most appropri late, exceptions will still be 
found requiring interpretation of thermo- 
grams in the context of all other diagnostic 
aute, 


DISCUSSION 


The infrared. portion of the electromag. 
netic spectrum which was discovered bv 
Herschel in 1800 has come into general 
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E only E Hie Mta ; ie > ences 
en ภา as d d uncta of i its a ces 
lute temperature. The earth itself is exposed 
to and absorbs enormous quantities of heat 
energy and vet it remains in thermal equi- 

librium with its sur roundings at an average 
temperature of about 300° Kelvin or 8o? F, 
It absorbs more than it emits on the side 
‘acing the sun and emits more than it ab- 
sorbs on the other side. Every object, in 
attempting to maintain thermal equilib- 
rium, is constantly either absorbing or 
emitting radiant energy with its line-of- 
sight neighbors. It follows that a good 
absorber must be an equally good emitter. 
The skin is a good absorber; therefore, it 
also is a good emitter and, within limits, 


helps humans maintain a correct. body 
temperature. 
The total infrared energy emitted or 


radiated by an object is a function of the 
fourth power of its absolute temperature. 
Since in the infrared, skin is almost à per fect 
absorber, man himself also emits invisible 
hight which may be recorded on the thermo- 
gram in the delicate half-tone shadings 
quantitatively proportional to minute tem- 
perature differences. which actually exist 
over the surface. 
Betore the present day clinical thermom- 
eter came into genet al die about 270 vears 
: s original observa- 
tions and W a s extensive studies jn 
1865. Even now, we continue to record the 
rormal body temperature at 37° C. or 
98.6" F., whereas actually we are only meas- 
uring the oral temperature. The rectal tem- 
erature is higher than that of the mouth or 
the skin. The temperature of the skin varies 
in different areas, that of the foot normally 
being higher than that of the toes and that 
of the leg higher than that of the foot. Local 
elevation of temperatures 1n inflammatory 
or neoplastic processes often occurs without 
being detected by oral or rectal determina- 
tions. The actual recording of temperatures 
with the clinical thermometer or a ther- 
mocouple necessitates actual contact with 
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Vic, 6. (4) Mastograms reveal predominant mazo- 
plasia cystica in left breast and adenosis in right 
breast. (B) Thermogram of breasts. Greater tem- 
perature differences are visible over the left than 


over the right breast, but none exceeds 0.5? C. 
0 a routine physical examination of this 47 

^ar old patient, a mass was palpable in the upper 
outer quadrant of the left breast. À biopsy was 
done on both breasts because, in addition to the 
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tissues, which in itself interferes with the 
accuracy of recording. Heat sensing instru- 
ments like that used in the present work 
overcome this handicap since no actual 
contact is made with the body. 

was the first to point out the 

virtues of thermogr aphy in 1927. His subse- 
quent reports? and those of Williams, Wil- 
Lams and Handley® further advanced ac- 
cuaintanceship with this discipline. Wil- 
Lams ef al, in a series of $7 cases of breast 
cancer, were able to correctly establish the 

üagnosis in 54 by the use of temperature 
m า 0 over the breasts using à hand-held 
thermopile. In a private communication, 
they report extension of this series to 100 
cases of carcinoma, 95 of which were cor- 
rectly diagnosed. Their experience with 
thermographic s canning using electrochem- 
ical paper was limited, but suggested a 
promising future.” 

As more data are accumulated by various 
investigators in this new field of diagnosis, 
breast thermograms will be more exten- 
sively appraised and analyzed from a noso- 
logic point of view.? It must be realized that 
thermography is in its earliest stages ot 
development and to appraise its value 
merely on its accomplishments so far 1s to 
take a short-sighted view of its potentiali- 
ties. The rate of improvement in thermo- 
graphic apparatus and its technical applica- 
tion depends on enthusiastic trial by many 
experimenters อ ท a broad front. Itis hoped 
that in contrast to the slow appreciation of 
the potentialities of the infrared portion of 
the electromagnetic spectrum by physical 
scientists preceding the last 3 decades, 
medical investigators will be more alert in 
accepting the alluring challenges now con- 
fronting them in this medium. Research 


mass in the left breast, another mass was found in 
the right breast a day before the operation, The 
pathologist reported cystic disease of the left 
breast and fbroadenoma of the right breast. 
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and development associated with military 
and space programs already have led to the 
use of apparatus capable of rapid and pre- 
cise recording of infrared radiation. Not to 
take advantage of these advances will 
result only in delaying the application of a 
significant contribution to medical science. 


SUMMARY 


Thermograms are half-tone pictures ob- 
tained with scanning apparatus of infrared 
radiation spontaneously emanating from 
the skin. Since the skin temperature 1s 
greater over diseased processes, more infra- 
red is radiated and lighter half-tones repre- 
senting inflammatory or malignant disease 
are distinguished from the darker half-tones 
which represent benign processes or areas of 
normal tissue. Thermograms of breasts 
involved in both benign and malignant 
disease are presented in this report. The 
results suggest that thermography may 


Gershon-Cohen, Berger, Haberman and Barnes 


APRIL, 1964 


materially advance the diagnosis of breast 
diseases. 


J. Gershon-Cohen, M.D. 
X-Ray Department 

Albert Zinstein Medical Center 
Northern Division 

Philadelphia 41, Pennsylvania 
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RELIABILITY OF THE ROENTGENOLOGIST AS A 
GASTROINTESTINAL CONSULTANT 


HE reliability of roentgenologic exami- 
nations in the diagnosis of diseases of 
the gastrointestinal tract is of such funda- 
mental importance to our specialty that it 
is surprising so few analyses of it are avail- 
able. All roentgenologists will profit from 
careful study of the extensive, conscientious 
appraisal recently undertaken by Cooley.'? 
Earlier studies?* are also available for 
those who may seriously wonder what our 
efforts have accomplished in the field of 
medical diagnosis and what factors have 
limited our techniques. In 1950 Sosman? 
presented an extremely interesting philo- 
sophical discussion of the specificity and 
reliability of roentgenographic diagnosis. In 
discussing gastroenterology, he stated, “In 
no other anatomic field is the physician or 
surgeon so heavily dependent upon the 
roentgenographic method for so many of 
his decisions." He pointed out that a proper 
gastrointestinal examination "requires the 
greatest time, skill, patience, effort and 
judgment of any roentgenographic exami- 
nations, with the sole exception of the 
highly specialized fields. The diagnostic 
dividends, moreover, are in direct propor- 
tion to the training and skill of the exami- 
ner." He stressed the desirability of inti- 
mate cooperation of the patient’s physician 
and roentgenologist in sharing their suspi- 
cions, facts, and experience. He contrasted 
gastrointestinal roentgenology, in which 
1 0 ี ๐ อ ๐ น ธร , R. N, The diagnostic accuracy of upper gastrointes- 
tinal radiologic studies. 4m. 7. M. Sc., 1961, 242, 628-650. 

2 Coouey, R. N. The diagnostic accuracy of radiologic studies 
of the biliary tract, small intestine and colon. 4m. F. M. Sc., 1963, 
246, 610-638. 

3 Sosman, M. C. The specificity and reliability of roentgeno- 
graphic diagnosis (The Shattuck lecture). New England 7. Med., 
1950, 242, 849-855. 

4 Rriorzn, L. G., The possibilities and limitations of roentgen 
diagnosis (Pancosst lecture). Au. J. ROENTGENOL, & Rav. THER- 
APY, 1949, ÓI, 7437761. 


the major problem is demonstration or 
detection of a lesion, with the problem in 
thoracic roentgenology, in which most 
lesions are easily demonstrated but difficult 
to identify specifically, because of the nu- 
merous causative possibilities. 

โท evaluation of the differential diagnos- 
tic possibilities, Sosman stressed the impor- 
tance of considering the relative frequency 
of any given lesion as modified by the pa- 
tient’s age, sex, and race. He also advised 
the examiner to help the referring physician 
as much as possible by indicating whether 
his diagnostic deduction was certain, highly 
probable, probable, possible, or a normal 
variation. When a radiologist performs in 
this fashion, his reliability depends on a 
broad knowledge of medicine and radiol- 
ogy, as well as on technical finesse in dem- 
onstrating the presence of disease. Balanced 
judgment is required. As competence is 
repeatedly demonstrated in daily diagnos- 
tic problems, the referring physicians come 
to rely increasingly upon the expressed 
opinions of the examining radiologist. This 
kind of reputation can be earned only by 
years of careful work and studious recogni- 
tion of more than only the obvious diag- 
nostic clues in the flow of daily examina- 
tions. 

The roentgenologist must know the 
limitations of his method if he is to achieve 
a reputation for reliability. In 1949, Rigler* 
pointed out that the objectivity and visual 
appeal of the roentgenologic diagnosis in- 
spired in physicians as well as laymen a 
confidence and reliance that was not always 
merited by its accomplishments. He ad- 
vised us to think of "the term limitations in 
its bread sense, that is, as meaning the 
maximal as well as the minimal possibili- 
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ties." If we have knowledge of, and stay 
within these boundaries of our method, our 
diagnostic reliability will certainly improve. 


In addition to the inherent limitations of 


our method of examination, our diagnostic 
reliability is subject to nether modifving 
influence because radiologists share the 
usual failings to which all human beings are 
subject. Even in cases in which definite 
abnormalities may be identifiable in roent- 
genograms, the observations are subject to 
individual interpret tation and the radiolo- 
gist must remain aware of the natural ele- 
ment of falhibilitv and von of judg- 
ment that human beings exhibit. ไท the 
words of Garland,’ "In nearly every activ- 
ity which can be tested, it has been repeat- 
edly demonstrated that humans, even 
experts in a given field, exhibit enormous 
variations in their ability to be consistent 
with themselves and others equally compe- 
tent." He pointed out that the medical 
profession, despite long study and training, 
cannot expect to be free of this foible. Any 
radiologist who tollows his cases or has an 
opportunity to review or re-examine former 
patients at a later date must occasionally 
be surprised bv some of his previously 
rendered opinions or his errors of oversight. 

In his review of the results obtained in 
diagnosing many specific lesions, Cooley! 
listed a number of general faults and omis- 
sions in many of the reports in which the 
accuracy of roentgenologic diagnosis is 
discussed. These include the limited data 
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on false negatives (incorrectly diagnosed as 
normal) and false positives. (incorrectly 
diagnosed as abnormal), lack of follow-up 
data on negative cases, incomplete data on 
total number of examinations from which 
positive cases were selected, analvses of 
retrospective type that inaccurately por- 
tray the situation at the time of critical 
diagnostic decision, uncertainty about com- 
pleteness of medical records, and failure to 
differentiate what some special group 
interested individual may accomplish as 
opposed to the average performance of the 
average radiologist. Anyone who has par- 
ticipated in a special study of some problem 
or prepared a paper for publication realizes 
that these criticisms are valid and that thev 
prevent many reports from being ideal 
studies. 

How to remedy these faults is a more 
difficult problem. In some types of study 
they are insuperable. Other reports might 
be improved if these weaknesses are kept i in 
mind. Despite the many hiatuses in our 
knowledge, Cooley was able to collect con- 
siderable information which may act as 
guide lines for our consideration of future 
work. There is little doubt that our relia- 
bility will be sharply improved if we be- 
come more aware of our major errors of 
inaccuracy and conscientiously try to Im- 
prove our techniques, widen our horizon of 
interest, and deepen our channel of knowl- 
edge. 


Seymour Fiske OCHSNER, M.D. 
Ochsner Clinic 


New Orleans 21, Louisiana 
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SHUA CLIFTON DICKINSON 
1885-1964 








FTH the death of "Doctor Dick," the Dr. Dickinson was born on January 29, 
era of the pioneers in Florida Radi- 1885, on a stock farm near Bellefontaine, 
ology came to an end. Joshua Clifton Dick- Ohio. He received his elementary and high 











เห ร อ ท died on January 9, 1964 of hemor- school education in this Ohio community 


rhage from, and perforation of, an acute and then went directly to medical school, as 
esophagogastric ulcer. was the custom in those davs. He receive 
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his “ ui Partar of i from ic 
Immedi a ' gr ท he durs 
neved out to Los Angeles with the firm 
determination to practice general medicine 
in that community, but after a short time 
decided he did not like California and came 


directly to Tampa, arriving in the fall of 


1908. 

Opening an office in what is now Tampa’s 
Y bor City, Dr. Dickinson practiced general 
medicine whieh in those days, included 
obstetrics and minor surgery. It was during 
this period of his lite that his joy and pride 
in being a doctor developed, a teeling which 
he carried with him throughout his entire 
professional career; Dr. Dickinson was 
always, first and foremost, a physician. 
Although his original intent had been to 
eventually specialize in urology, the small 
general hospital of the community pos- 
sessed the only X-ray equipment in the 
area, and it was here that his interest in 
radiology was born and began its develop- 
ment. Over the ensuing years, through his 
own hard work, study, and personal appli- 
cation, aided and abetted by short courses 
at the Johns Hopkins Hospital and the 
University of Hlinois, he became one of the 
outstanding radiologists in the south, if not 
in the nation. 

He felt quite strongly his obligations to 
organized medicine and radiology, main- 
taining an interest in organizational work 
throughout his life. He served as secretary 
and as president of the Hills sborough 
County Medical Society in 1923. In the fall 
of 1931 he, with other ก in the 
state, oio oed the Florida Radiological 
Societv. During its early years he served on 
the Board of Censors, later both as its secre- 
tary and as its president. He maintained his 
membership and his interest in the Florida 
State Medical Association, the Southern 
Medical Association, and the Radiological 
Society of North America. He served 
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chairman of the Section of Radiology of the 
American Medical Association, as a mem- 
ber of the Board of Chancellors of the 
American College of Radiology, and as a 
member of the Executive Council of the 
American Roentgen Ray Society. In 1954, 
he served as president of the American 
Roentgen Ray Society, an honor which he 
always felt represented the apogee of his 
career. 

Dr. and Mrs. Dickinson were not prone 
to enter into society in the grand manner, 
preterring to entertain their many friends 
in the comfort and intimacy of their own 
home. However, he was a charter member 
ot m s di oo and Co ountry Ch (b, 


were en his 4 ov 1 du ME nietest 
being in the practice of medicine. At one 
period i in his life he enjoyed golf. Later on it 
was duck shooting and fishing. Still later, 
after retirement, he derived a great deal of 
pleasure fulfilling the role of Oldest Mem- 
ber at the golt club. 

On December 20, 1913, Dr. Dickinson 
married Miss Mary Louise Martin, hers 
being one of the old families of Virginia. 
Their one child is Joshua Clifton Dickinson, 
Jr., Associate Professor of Biology, Univer- 
sitv of Florida, and Director aud C urator of 
Ornithology, The Florida State Museum. 
In addition to Mrs. Dickinson, his son, and 
his daughter-in-law, Dr. Dickinson is sur- 
vived by a brother, E. W. Dickinson of 
Tampa; a sister, Mrs. Cleo Bushong of 
West Mansfield, Ohio; three grandchildren 
and two great grandchildren. 

With the passing of Dr. Dickinson, those 
of us who have loved him dearly, and all of 
Radiology, have lost a wonder ful friend and 
a wise counselor. 


CHARLES M. Gray, M.D. 





AMERICAN COLLEGE OF RADIOLOGY 


The Fortieth Annual Meeting of the 
American College of Radiology was held at 
the Ramada Inn, Tucson, Arizona, on 
February $-8, 1964. The iolibwing officers 
were elected: President, Dr. David S. Car 
roll, s Te ennessee; 0 e 


Ponnse ls anie o ecr ก ร T reasurer, D. i o 
H. Squire, Chicago, Hhnois (re-elected); 
Chairman, Board of Chancellors, Dr. Wal- 
lace D. Buchanan, South Diu Indiana. 
Drs. George Cooper, Tea Char yee 
Virginia, Joseph D. bd little Rock, 
Arkansas, Homer V. Hartzell, Seattle, 
Washington, karl C. Corlev, Washington, 
D Ca and William L. R Vancouver, 
British Columbia, C NE were elected to 
the Board otf Chancellors. 

The Convocation Ceremonies were held 
on February 7, 1964. At these ceremonies 
Dr. Theodore J. Wachowski, Wheaton, 
Illinois, President of the College, conferred 
the Degree of Fellow on 41 candidates, and 
the Degree of Associate Fellow on 1 candi- 
date. The Degree ot Honorary. Fellow was 
bestowed on Dr. Med. Luigi Turano, 
Rome, Italy, President-Elect of the Elev- 
enth Inter UN Congress of Radiology 
and in absentia on Dr. James Ralston 
Kennedy Paterson, C.B.E., M.C., M.D., 
F.R.C.S., Stenrieshill, Wamphray, Moffatt, 
Dumfriesshire, England. 

At the same ceremonies Dr. Wachowski, 
assisted by the new President, Dr. จ 
presented to Dr. Bernard Pierre Widmann, 
Philadelphia, Pennsylvania, the Gold 
Medal, the highest award of the American 
College ot R: adiology ‘ ‘for distinguished and 
extraordinary service to the College and to 
the profession for which it stands." 

The Forty-First Annual Meeting of the 
College will be held at Bellvue Strattord 
Hotel, Philadelphia, Pennsvlvania, Febru- 
übU TOT P967. 
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Dr. Bernard Pierre Widmann, Past President of the 


American Roentgen Ray Society, was honored on 
February 7, 1964 by the American College of 
Radiology with presentation of the Gold Medal, 
the highest award of the College "for distinguished 
and extraordinary service.” 


COURSE IN RADIOLOGY 
Ol THE HEART 


A 4 day course, sponsored bv the Depart- 
ment of Radiology of the Indiana Univer- 
sity School of Medicine, is planned primar- 
ily tor the clinical radiologist and cardiolo- 
gist but 1s open to all physicians having an 
interest in this subject. It consists of lec- 
tures, panel discussions, film interpretation 
conferences and exhibits arranged so as to 
correlate the technical, phy siological, clini- 

cal and pathological aspects of S of 
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cardiovascular disease in the pediatric and 
adult fields. 

The course will be held April 8—11, 1964 
and will be presented by members of the 
faculty of Indiana University School of 
Medicine and a distinguished guest faculty 
from various parts of the country. 

For further information write to: Direc- 
tor, Postgraduate Education, Indiana Uni- 
versity School of Medicine, 1100 W. Michi- 
gan Street, Indianapolis, Indiana 46207. 


REFRESHER COURSE IN DIAG. 
NOSTIC ROENTGENOLOGY 

The Sixth Annual Refresher Course in 
Diagnostic Roentgenology will be held 
May 25-29, 1964 by the Radiology Depart- 
ment of the University of Cincinnati Col. 
lege of Medicine under the direction of Dr. 
Benjamin Felson, Professor and Director of 
the department. The course will include, in 
addition to lectures and demonstrations, 
teaching methods employing audience par- 
ticipation. The course is open to radiolo- 
gists and radiology residents. 

Further information can be obtained by 
writing Dr. Jerome F. Wiot, Department of 
Radiology, Cincinnati General Hospital, 
Cincinnati 29, Ohio. 


POSTGRADUATE COURSE IN 
PEDIATRIC RADIOLOGY 

The Annual Postgraduate Course of 
Children's Hospital of the District of Co- 
lumbia will be presented May 2o, 21, 22, 
1964 on the subject of Pediatric Radiology. 
The topics to be presented will include 
uroradiology, neuroradiology and radio- 
logic aspects of malignancies, tuberculosis 
and other chest diseases, and gastrointesti- 
nal disorders. It will be highlighted by the 
Wall Memorial Lecture on Congenital 
Malformations by Dr. Josef Warkany. It is 
sponsored by Children's Hospital of the 
District of Columbia in conjunction with 
the faculties of the Georgetown University 
School of Medicine, Department of Pediat- 
rics and George Washington University 
School of Medicine, Department of Pediat- 
rics, and is to be held in the Wall Memorial 
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Auditorium of Children's Hospital. The 
capacity of the auditorium makes advance 
registration essential. 

For further information, contact Donald 
W. Delaney, M.D., Assistant Director for 
Education, Children's Hospital of the 
District of Columbia, 2125 13th Street, 
N.W., Washington 9, D. C. 


SYMPOSIUM ON ACUTE LEUKEMIA 


A group of clinical experts and research- 
ers will discuss the growing problem of 
acute leukemia in a symposium sponsored 
jointly by the American Cancer Society 
and the National Cancer Institute at the 
New York Hilton Hotel on May 22, 1964. 
The meeting will open at 9:30 A.M. with 
Dr. Sidney Farber, Director of Research at 
Children's Cancer Research Foundation, 
Boston, and Professor of Pathology, Har- 
vard Medical School, as Chairman. 

This symposium has been planned as an 
experiment in medical communication. It is 
intended to bridge the gap between labora- 
tory research and care of the leukemia 
patient. About t2 scientists will participate, 
covering the following subjects: epidemi- 
ology, etiology, natural history and diag- 
nostic peculiarities, clinical and radiological 
diagnostic features, treatment and ob- 
stacles to the control of acute leukemia. 

The meeting will beopen to all physicians 
concerned with the problem of handling 
acute leukemia. 


TRAINING OF RADIOLOGICAL 
HEALTH SPECIALISTS 


The Department of General Science of 
Oregon State University 1n cooperation 
with the OSU Radiation Center and the 
Division of Radiological Health of the U. S. 
Public Health Service has developed a 
program for the training of Radiological 
Health Specialists. The curriculum is de- 
signed on the basis that integration of re- 
lated disciplines is the most effective way of 
developing Radiological Health Specialists. 
Close coordination among radiation biolo- 
gists, radiation physicists and public health 
personnel during seminars and research 
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conferences is an integral part of the pro- 
gram. A summer course in field. radiation 
survevs will give the student an opportu- 
nity to gain experience in the theory and 
technique of surveys of selected operations, 
including dental and medical X-ray instal- 
lations, radioisotope laboratories, nuclear 
reactors, and other radiation producing 
devices. 

The program may take from 1 to 2 vears 
for completion of the work [eadiia to the 
M.S. degree in Radiological F lealth, de- 
pending upon the candidate's background. 

Deadline tor filing applications 15 April 
15, 1964. 

For further information and application 
material write to: Dr. E. Dale Trout, Pro- 
fessor ot — 


ก ล กิ, 
SECOND ANNUAL OAK RIDGE 
RADIOISOTOPE CONFERENCE 
Approximately 600 scientists and en- 
gineers are 0 to Eois the aeons 
to be id ren 20-22 In a Ten. 
nessee. 
The conterence is sponsored by the Oak 
Ridge Institute otf Nuclear Studies 
(ORINS), Oak Ridge, Tenn., and Oak 
Ridge National Laboratory, and supported 
by the United States Atomic E nergy Com- 
mission. 
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The program will include more than 4o 
formal presentations on the uses of radio- 
Isotopes เท biology, medicine, engineering 
and in the phy sical SCIENCES, 
Inquiries about the program should be 
directed to Y Da F เฉ ล 0 





UNE “0 P. O. Box 115, Oak idu e, 
Tennessee 37831. 


POSTGRADUATE COURSE IN 
PEDIATRIC RADIOLOGY 

The Second Postgraduate Course in 
Pediatric Radiology will be presented 
the University of Pittsburgh, School « 
Medicine, through the sponsorship of "e 
Division of Postgraduate Medicine of the 
University, April 6, 7 and 8, 1964. 

The course will consist of a series of lec- 
tures with discussions from the panel par- 
ticipants and from the floor. Emphasis will 
be placed on "Recent Advances in Pediatric 
Radiology." 

The course will be conducted at the 
Children's Hospital of the University of 
Pittsburgh, School of Medicine by an out- 
standing Faculty of Guest Speakers. 

For further information contact: Bert- 
ram R. Girdanv, M.D., Program Director 
and Chairman, Postgraduate Course in 
Pediatric Radiology, Children’s Hospital 
of Pittsburgh, Pittsburgh, Pennsylvania 


15213. 


It is with deep regret that we announce the death on 


Friday, March 6, 
John D. Reeves, m 


1964 at Boston, Massachusetts, of Dr. 
member of the Executive Council of the 


American (อ Ray Society. 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


GASTROENTEROLOGY. Volume 1. Second Edi- 
tion. By Henry L. Bockus, M.D., Emeritus 
Professor of Medicine, University of Pennsyl- 
vania School of Medicine; and Present and 
Former Colleagues at the University of 
Pennsylvania Graduate School of Medicine. 
Cloth. Pp. 958, with many illustrations. 
Price, $25.00. W. B. Saunders Company, 
West Washington Square, Philadelphia 5, 
Pa., 1963. 

When one attempts to improve on that which 
1s already accepted as a classic 1n its field, the 
task is by no means a small one. Volume 1 of 
Gastroenterology, which was published by 
Dr. Henry L. Bockus in 1944, is just such a 
classic. However, as nothing in this world, and 
certainly not in the complex field of medicine, is 
static, it became necessary to modify the old 
and include the new. 

The Second Edition of Volume 1 has an in- 
creased number of pages; 958 as compared to 
831 in the first edition. While the number of 
chapters has remained the same, some have 
been reorganized, with expansion of their con- 
tent to include recent advances and deletion of 
that which is no longer pertinent. 

Of particular importance in the Second Edi- 
tion of Volume 1 is the fact that many of the 
chapters or parts of the chapters have been 
guest-authored by men pre-eminent in their 
fields. The gastroscopic contribution by Drs. 
J. F. Monaghan and P. R. Nast is a good ex- 
ample, reflecting the great strides which have 
been made, since the first printing of the book, 
in this extremely valuable method of examina- 
tion including the use of cinegastroscopy and 
the gastric camera. Perhaps the tremendous 
effort which has gone into the Second Edition to 
portray the latest in clinical thought and ex- 
panded diagnostic knowledge can best be appre- 
ciated by perusing the bibliographies, which 
have been greatly enlarged and have been labor- 
iously brought up to date. 

Areas of particularly significant changes are: 
the more complete discussion of the physiology 
and interpretation of pain; the emphasis on a 
sound clinical approach based on understanding 


of the gastric physiology and consideration of 
all possible primary and secondary disorders of 
the digestive tract and its appendages; and a 
very comprehensive description of the newer 
gastric tests. 

Space does not permit a detailed enumeration 
of the many other excellent chapters authorita- 
tively written and profusely illustrated with 
fine roentgenograms, drawings, photomicro- 
graphs and many beautiful figures done in color. 
The historic, etiologic, pathologic, diagnostic, 
and therapeutic aspects of all affectations of the 
esophagus and stomach are lucidly and com- 
pletely covered. 

Dr. Bockus's book :s the intellectual gastro- 
scope with which to examine more closely a 
complex and essential organ system of the hu- 
man body. It is superbly edited, skillfully com- 
posed and artfully printed. This Second Edition 
of Volume 1 is unhesitatingly recommended to 
every physician. 

GEORGE A. KLING, M.D. 


Tue CYTOLOGIC DIAGNOSIS or Cancer. Second 
Edition. By Ruth M. Graham, Roswell Park 
Memorial Institute, Buffalo, New York. 
Cloth. Pp. 387, with many illustrations, Price, 
$14.00. W. B. Saunders Company, Philadel- 
phia, Pa., 1963. 


The second edition of Dr. Graham’s text on 
the cytologic diagnosis of cancer is welcome and 
contains some important modifications and 
additions. Among the latter are new chapters on 
cell identification, dysplasia of the cervix and 
cytologic changes in pernicious anemia. The 
book is intended as an introduction to cytology 
and has been so used with considerable success 
by the present generation of pathologists and 
cytotechnologists. It is easy for a reviewer to 
find minor faults in any textbook, but there is 
only one serious defect in this work. The selec- 
tion of fields for photomicrography of tissue 
sections leaves much to be desired. Many are 
taken at too high a power to orient the reader to 
the spacial arrangement and location of the 
epithelium. Perhaps future editions might 
include photographs at more than one magnifi- 
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cation to cover both pattern and cellular detail. 
It is especially important for the beginner to 
correlate the appearance of desquamated cells 
with the lesion from which they are derived. In 
this connection more photographs of different 
patterns seen in dysplasia and carcinoma fx situ 
of the cervix would be of value. 

In all other respects this book can be highly 
recommended. 'The combination of photographs 
of cells, water color drawings and diagrams 
presents as lucid an exposition of cell types as is 
available anywhere. The use of a uniform mag- 
nification throughout enhances the value of the 
photographs by permitting comparison of cell 
size from page to page. 

Dr. Graham writes well. Her style 1s conver- 
sational and forceful. Readers approaching the 
. book for the first time might do well to start 
with Chapter 18 which deals with the basic 
principles of cell identification. This chapter is a 
valuable new addition and might well have been 
placed at the beginning of the book. 

The book is strongly recommended for all 
physicians or technologists beginning the study 
of cytology. Other texts are available for those 
more advanced in the field. 

A. R. W. CLIMIE, M.D. 


BOOKS RECEIVED 


'TEsTO-ATLANTE DI CHIMOGRAFIA CARDIOVASCOLARE. 
By Giovanni Juliani and Cesare Quaglia dell'- 
Istituto di Radiologia dell'Università di Torino. 
Cloth. Pp. 218, with 164 illustrations. Price, Lire 
10,000, Edizioni Minerva Medica, Torino, Italy, 
1963. 

Exsevier’s MEDICAL Dicrionary. In Five Lan- 
guages, English/American, French, Italian, Span- 
ish and German. Compiled by A. Sliosberg, Con- 
sulting Physician of the Institution Nationale 
des Invalides, Paris, France. Cloth. Pp. 1588. 
Price, $45.co. American Elsevier Publishing Com- 
pany, Inc., 52 Vanderbilt Avenue, New York 17, 
N. Y., 1963. 

SYMPOSIUM ON MACROMOLECULAR ASPECTS OF THE 
CELL Cyce. Given at Research Conference for 
Biology and Medicine of the Atomic Energy 
Commission: sponsored by The Biology Division, 
Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. Paper. Pp. 198, with some illustrations. 
The Wistar Institute of Anatomy and Biology, 
Philadelphia, Pa., 1963. 

Bone Marrow TRANSPLANTATION AFTER WHOLE- 
Bopy IRRADIATION: AN EXPERIMENTAL STUDY IN 
THE Rat. By Hans Balner, Radiobiological Insti- 
tute of the Organization for Health Research 


Books Received 


APRIL, 1964 


T.N.O, 151, Lange Kleiweg, Rijswijk Z. H., 
Netherlands. Paper. Pp. 134, with many illustra- 
tions. 1963. 

ERWEITERUNGEN DES SPINALRAUMES: RADIOLO- 
GISCHE BEURTEILUNG UNTER BESONDERER BE- 
RÜCKSICHTIGUNG DER SYRINGOMYELIE. By Dozent 
Dr. med. habil Peter Hagemann, Oberarzt an 
der Univ.-Nervenklinik der Charité, Berlin. Paper. 
Pp. 112 with 35 illustrations. Price, Steif bro- 
schiert 16,90 DM. VEB Gustav Fischer Verlag, 
Jena, Villengang 2/Postschliessfach Mr. 176, Ger- 
many, 1963. 

BIOLOGY OF THE PROSTATE AND RELATED Tissues. 
National Cancer Institute Monograph 12. Edited 
by Erwin P. Vollmer. Sponsored by Cancer Chemo- 
therapy National Service Center, National Can- 
cer Institute, National Institutes of Health, 
Bethesda, Md. Cloth. Pp. 446, with many illus- 
trations. Price, $4.00. Superintendent of Docu- 
ments, U. S. Government Printing Office, Wash- 
ington, D. C. 20402, 1963. 

Tue Repucrion or PATIENT Dose sv DIAGNOSTIC 
RADIOLOGIC INSTRUMENTATION. Edited by Robert 
D. Moseley, Jr., M.D., Professor of Radiology, 
Chairman, Department of Radiology, the Univer- 
sity of Chicago, Chicago, Ill., and John H. Rust, 
D.V.M., Ph.D., Professor of Pharmacology, Head, 
Section of Nuclear Medicine, the Department of 
Pharmacology, The University of Chicago, Chi- 
cago, Ill. Cloth. Pp. 285, with many illustrations. 
Price, $12.50. Charles C Thomas, Publisher, 3๐ 1- 
327 East Lawrence Avenue, Springfield, Ill., 1963. 

Tue Year Boox or Rapriorocv: 1963-1964 SERIES 
Radiologic Diagnosis. Edited by John Floyd Holt, 
M.D., Professor, Department of Radiology, Uni- 
versity of Michigan, and Walter M. Whitehouse, 
M.D., Professor, Department of Radiology, Uni- 
versity of Michigan. Radiation Therapy. Edited 
by Harold W. Jacox, M.D., Professor of Radiol- 
ogy, College of Physicians and Surgeons, Columbia 
University; Chief, Radiation Therapy Division, 
Radiologic Service, Presbyterian Hospital, New 
York, N. Y., and Morton M. Kligerman, M.D., 
Professor of Radiology and Chairman of the De. 
partment of Radiology, Yale University School of 
Medicine; Radiologist-in-chief, Grace-New Haven 
Community Hospital. Cloth. Pp. 432, with 332 
‘illustrations. Price, $11.75. Year Book Medical 
Publishers, Inc., 35 East Wacker Drive, Chicago 1, 
Il, 1964. 

CLINICAL UnocRAPHY: AN ATLAS AND TEXTBOOK OF 
1% ๐ ธ พ ม อ ธ ม อ ๐ บ ๐010 Diacnosis. By John L. Emett, 
A.B., M.D., M.S. in Urology, Consultant in Ur- 
ology, Mayo Clinic; Professor of Urology, Mayo 
Foundation, Graduate School, University of Min- 
nesota, Rochester, Minn. Volume 1. Second edi- 
tion. Cloth. Pp. 646, with many illustrations. Price, 
$50.00 the set. W. B. Saunders Company, Phila- 
delphia, Pa., 1964. 
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SOCIETY PROCEEDINGS 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


Unrrep SrATES OF AMERICA 


AMERICAN ROENTGEN Ray Society 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: Radisson Hotel, Minneapolis, 
Minn., Sept. 29-Oct. 2, 1964. 
AMERICAN RADIUM SOCIETY 
Secretary, Dr. Justin J. Stein, U.C.L.A. Medical Center, 
Los Angeles 2 Calif. Annual meeting: Greenbrier 
Hotel, White Sulphur Springs, W. Va., April 13-16, 1964. 
RADIOLOGICAL SOCIETY OF NORTH ÁMERICA 
็ ไ ไ Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, Ill., Nov. 29-Dec. 4, 1964. 
AMERICAN COLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Bellvue Stratford 
Hotel, Philadelphia, Pa., Feb. 10-13, 1965. 


SECTION on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West 101 Eighth Ave., Spokane 4, Wash. Annual 
meeting: San Francisco, Calif, June 21-25, 1964. 

American Boarp or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Kochester, Minn. 
TheSpring 1964 examination will be held at the Americana 
Hotel, New York City, June 8-12, inclusive. Deadline 
for filing applications was December 31, 1963. There will 
be a Special Examination in Nuclear Medicine for dip- 
lomates in Radiology or Therapeutic Radiology if suffi. 
cient x Ai ea are received. The Fall ก examina- 
tion will be held at the Americana Hotel, al Harbour, 
Florida, December 7-11, inclusive. Deadline for filing 
applications is June 30, 1964. 

AMERICAN Association or PHYSICISTS IN MEDICINE 
Secretary-Treasurer, Charles S. Simons, University of 
Michigan Hospital, Ann Arbor, Mich. Annual meeting 
to be announ 

AMERICAN CLUB OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 

ELEVENTH INTERNATIONAL CONGRESS OF RADIOLOGY 
Secretary-General, Professor Dr. Med. Arduino Ratti, via 
Moscova, 44-1, Milan, Italy. Address inquiries to Profes- 
sor Dr. Med. Luigi Turano, President-Elect, Istituto di 
Radiologia, Università di Roma, Rome, Italy. Meeting: 
September 22-28, 1965. 

EIGHTH IN TER-AMERICAN Conorsss or RADIOLOGY 
Counselor for the United States, Dr. Philip J. Hodes, 

efferson Medical College Hospital, 11th and Walnut 
treets, Philadelphia 7, Pennsylvania. 
Secretary, Dr. Mario Gaitan-Y anguas, Bogotá, Colombia. 
Meeting to be announced. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Assoctation. 

AMERICAN NUCLEAR SOCIETY 
Treasurer, Raymond Maxson, 86 E. Randolph St, 
Chicago, Ill. Annual meeting to be announced. 

Arizona RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. E. Lawrence Ganter, 1820 E. 
Polk St., Phoenix 34, Ariz. Two regular meetings a year. 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meeting six months later. 


ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Association OF Universrzry RADIOLOGISTS 
Secretary-Treasurer, Dr. Sidney W. Nelson. Annual 
meeting: University of Chicago School of Medicine, 
Chicago, Illinois, May 12-16, 1964. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 

BAvARIAN-AMERICAN RADIOLOGIC SOCIETY 
Secretary, Dr. Roy R. Deffebach, Major, MC, Radiology 
Service, 5th General Hospital, APO: 54, New York, N. Y. 
Meets quarterly. 

BLOCKLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Bernard J. Ostrum, 2412 North sand St., 
Philadelphia, Pa. 

BROOKLYN RADIOLOGICAL Society 
Secretary, Dr. Peter J. Lampros, 121 Dekalb Ave., 
Brooklyn, N. Y. Meets first Thursday of each month, 
October through May. 

BurrALo RADIOLOGICAL Society 
Secretary, Dr. Eugene V. Leslie, Edward J. Beyer Me- 
morial Hosp., Buffalo 15, N. Y. Meets second Monday 
evening each month, October to May inclusive. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. Henry Garland, Suite 1739, 450 Sutter 
St., San Francisco, Cal. Meets annually during meeting 
of California Medical Association. 

CENTRAL New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Edward W. Carsky, Crouse-Irving Hospi- 
tal, 820 S. Crouse Ave., Syracuse, N. Y. Meets first 
Monday each month, October through May. 

CENTRAL Orto RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Harold W. Long, 81 S. Fifth St., 
Columbus 15, Ohio. Meets third Thursday in October, 
and second "Thursday in November, January, March 
and May at Fort Hayes Hotel, Columbus, Ohio. 

CENTRAL SOCIETY or NUCLEAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Bldg., 1903 West Harrison St., Chicago 12, Ill. 

CHICAGO ROENTGEN SOCIETY 
Secretary, Dr. Abram H. Cannon, 250 E. Superior St., 
Chicago 11, Ill. Meets second Thursday of each month, 
October to April except December at the Pick-Congress 
Hotel at 8:00 P.M. 

CLEVELAND RaDIOLOGICAL SOCIETY 
Seeretary-Treasurer, Dr. James Christie, 10515 Carnegie 
Avenue, Cleveland, Ohio. Meetings at 7:00 P.M. on fourth 
Monday of October, November, January, February, 
March and April. 

CoLoRADO RADIOLOGICAL Society 
Secretary, Dr. David J. Scephenson, 8300 West 38th Ave., 
Wheat Ridge, Colo. Meets third Friday of each month 
at Denver Athletic Club from September through May. 

Connecticut VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. James L. Krieger, 85 Jefferson St., Hart- 
ford 6, Conn. Meets first Friday in February and April. 

DatLAs-FogT WORTH เอา อ บ ๓ ๓ 1 อ 41. SoCTETY 
Secretary, Dr. Paul W. Mathews, Jr., 1217 West Cannon 
St., Fort Worth, Tex. Meets monthly, third Monday, at 
Southwest International Airport at 6:00 P.M. 


* Secretaries of gocleties are requested to send timely information promptly to the Editor. 
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Derrorr ROENTGEN Ray AND RADIUM SocigrY 
Secretary, Dr. Arch H. Hall, Harper Hospital, Detroit 1, 
Mich. Meets monthly, first Thursday, October through 
May, at David Whitney House, 1010 Antietam, at 6:30 
PLM, 

East Bay ROENTGEN Society 
Secretary, Dr. Dan Tucker, 434 30th St, Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. Marsh Frere, Jr., 205 Medical Arts 
Bldg., Knoxville, Tenn. Meets in January and Sep- 
tember. 

EASTERN CONFERENCE OF RADIOLOGISTS 
Secretary, Arrangements Committee, Dr. Theodore A. 
Tristan, 3400 Spruce St, Philadelphia 4, Pa. Annual 
meeting to be announced. 

EasrERN RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C. 

FLORIDA RADIOLOGICAL SOCIETY 
Secretary, Dr. David Kirsh, 712 Du Pont Bldg., Miami, 
Fla. Meets twice annually, in the spring with the annual 
State Society Meeting and in the fall. 

Fiortpa West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Garth R. Drewry, Tampa 
General Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 

GEORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. David Robinson, P.O, Box 394, Savannah, 
Ga, Meets in spring and fall with Annual State Society 
Meeting. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert F. Feltman, Dade County Medical 
Association Building, Two S.E. Thirteenth St., Miami 
32, Fla. Meets monthly, third Wednesday at 8100 P.M. 
at Jackson Memorial Hospital, Miami, Fla. 

GREATER Sr, Lovis Socigry or RADIOLOGISTS 
Secretary, Dr. C. M. Witt, #16 Hampton Village Plaza, 
St. Louis 9, Mo. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Van Velzer, Texas Medical Cen- 
ter Library, Jesse H. Jones Library Bldg., Houston 25, 
Tex. Meets fourth Monday of each month, except June, 
July, August and December, at the Doctors’ Club, 
8:00 p.m., Houston, Tex. 

ไง เห อ STATE RADIOLOGICAL Sociery 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall, 

ไย บ 1 ม อ เร 5 RADIOLOGICAL Socrery 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Hl. Meets in the spring and fall. 

INDIANA ROENTGEN Socrery, Exc. 

Secretary, Dr. Richard A. Silver, 1815 N, Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

lowa RADIOLOGICAL SOCIETY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, lowa. Luncheon and business meeting during 
annual session of lowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary, Dr. Roger K. Wallace, Riley County Hospital, 
Manhattan, Kan, Meets in spring with State Medical 
Society and in winter on call. 

KENTUCKY RADIOLOGICAL SOCIETY 
Secretary, Dr. Lawrence A. Davis, 226 East Chestnut 
St., Louisville, Ky. Meets monthly on second Friday at 
Sheraton Hotel, Louisville. 

Kings County RADIOLOGICAL SOCIETY 
Secretary, Dr. Stanley Dannenberg, 1917 Bedford Ave., 
Brooklyn 25, N. Y. Meets Kings County Med. Soc. 
Bldg. monthly on fourth Thursday, October to May, 
8:45 P.M, 
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KNOXVILLE RADIOLOGICAL Society 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Bernard J. O'Loughlin, Dept. of Radiol- 
ogy, UCLA Center for Health Sciences, Los Angeles 24, 
Calif. Meets second Wednesday of month in September, 
November, January, April and June at Los Angeles 
County Medical Association Building, Los Angeles. 

Marne RADIOLOGICAL Society 
Secretary, Dr. Charles W. Capron, Maine Medical 
Center, Portland, Me. Meets in June, September, De- 
cember and April. 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Maryland. 

MEMPHIS RogNTGEN Sociery 
Secretary-Treasurer, Dr. Irving K. Ettman, 684 W. 
Brookhaven Circle, Memphis, Tenn. Meets first Monday 
ofeach month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. William D. Roberts, 2197 Los Arrow Dr., 
Dayton 9, Ohio. Meets second Friday of fall and winter 
months. 

Mip-Hupson RADIOLOGICAL Soctery 
Secretary, Dr. Joseph Sorrentino, St. Francis Hospital, 
Poughkeepsie, N. Y. Meets 8:30 P.M., fourth Wednesday 
of each month September to May. 

MILWAUKEE Roenrcen Ray SOCIETY 
Secretary- Treasurer, Dr. Harold F. Ibach, 2400 W. Vil. 
lard Avenue, Milwaukee 9, Wis. Meets monthly on 
fourth Monday, October through May, at University 
Club. 

MixNEsorA RADIOLOGICAL Sociery 
Secretary Treasurer, Dr. Frank J. Anderson, 810 E. 27th 
St, Minneapolis 7, Minn. Meets three times annually, in 
fall, winter and spring. 

Mississippi RADIOLOGICAL SOCIETY 
Secretary, Dr. Jack K. Goodrich, University Medical 
Center, Jackson, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

MONTANA RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

Nassau RADIOLOGICAL Socrery 
Secretary, Dr. Barry L. Lewis, 165 N. Village Ave., 
Rockville Centre, New York, N. Y. Meets second Tues. 
day of the month in February, April, June, October and 
December. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. 
Meets third Wednesday of each month at 6 P.M. in 
Omaha or Lincoln. 

NEVADA RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary's Hospital, Reno, Nev, 

New ENGLAND Roentcen Ray SOCIETY 
Secretary, Dr. Robert E. Wise, 605 Commonwealth Ave., 
Boston 15, Mass. Meets third Friday of each month, 
October through April, at The Longwood Towers, 20 
chapel Street, Brookline, Mass., at 4:30 P.M. 

New HAMPSHIRE ROENTGEN Ray Socrery 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New Mexico Assocration or RADIOLOGISTS. 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian  Hospiral, 
Albuquerque, New Mexico, 

New York ROENTGEN SOCIETY 
Secretary, Dr. Francis F. Ruzicka, Jr., St. Vincent’s Hos- 
pital, New York, 11, N. Y. Meets monthly on third Mon- 
day at the New York Academy of Medicine at 4130 P.M, 
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Spring Conference: Waldorf-Astoria Hotel, New York, 
N. Y., April 23-25, 1964. 

NORTH CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

Norru Dakora RADIOLOGICAL SOCIETY 
Secretary, Dr. John Jestadt, Depuy-Sorkness Clinic, 
Jamestown, N. D. Meets at time of State Medical Asso- 
ciation meeting. Other meetings arranged on call of the 
President. 

Norry Fiora RADIOLOGICAL SociETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April, 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Rob H. Kirkpatrick, 1219 28th St., Sacra- 
mento, Calif. Meets at dinner last Monday of each 
month, September to June. 

NORTHWESTERN Ouro RADIOLOGICAL SOCIETY 
Secretary. Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

เว ิ พ 10 Stare RADIOLOGICAL SOCIETY 
Secretary, Dr. M. M. Thompson, Jr., 316 Michigan St., 
Toledo 2, Ohio. Annual meeting: Cleveland, Ohio, May 
23-24, 1964. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Simon Pollack, Utica Square Medical 
Center, Tulsa, Okla. Meets in January, May and October. 

Orange County RADIOLOGICAL SOCIETY 
Secretary Treasurer, Dr. Robert M. Sodaro, 600 E. Wash- 
ington Ave., Santa Ana, Calif. Meets fourth Tuesday of 
month except June, July, August and December in 
Orange County Medical Association Building. 

Orecon RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James A. Schneider, St. Vincent 
Hospital, Portland 10, Ore. Meets on second Wednesday 
of month at 7:00 rm. at the University Club, Portland, 
Ore. 

ORLEANS ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity. Hospital, 
New Orleans 13, La. Meetssecond Tuesday of each month. 

Paciric NORTHWEST RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Donley, 543 East 4th Street, 
Bend, Ore. Annual meeting on the second weekend in 
May, 1964. 

PENNSYLVANIA RaDIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Frederick R. Gilmore, Clearfield 
Hospital, Clearfield, Pa. Annual meeting: Buckhill Falls, 
May 21-23, 1964. 

PuiLApELPHIA ROENTGEN Ray SOCIETY 
Secretary, Dr. Antolin Raventos, Hospital of the Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. Meets first 
Thursday of each month at ร P.M., from October to May 
เท Thompson Hall, College of Physicians. 

PirrspurGH ROENTGEN SOCIETY 
Secretary, Dr. Robert N. Berk, 230 Lothrop St., Pitts- 
burgh 13, Pa. Meets second Wednesday of month, Octo- 
ber through June at Park Schenely Restaurant. 

RADIOLOGICAL SOCIETY or CONNECTICUT 
Secretary-Treasurer, Dr. Orlando F. Gabriele, 1450 
Chapel St., New Haven 11, Conn. Meetings are held 
bimonthly. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary, Dr. John F. Popkin, Jr, 831 Carew Tower, 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine. 

RADIOLOGICAL SOCIETY OF Hawai 
Secretary, Dr. Edgar S. Childs, Kuakini Hospital, 
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Honolulu, Hawaii, Meets third Monday of each month 
at 7:30 P.M, 

RADIOLOGICAL Socrery or Greater Kansas City 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RADIOLOGICAL Soctery or Kansas Ciry | 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY or LOUISIANA 
Secretary, Dr. Andrew F. Giesen, Ochsner Clinic, New 
Orleans 15, La. Meets annually during Louisiana State 
Medical Society meeting. 

RADIOLOGICAL SOCIETY OF NEW JERSEY 
Secretary, Dr. E. Arthur Kratzman, 912 Prospect Ave., 
Plainfield, N. J. Meets in Atlantic City at time of State 
Medical Society meeting and in October or November 
in Newark, N. J. 

RADIOLOGICAL SOCIETY or THE STATE or New YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. Annual meeting to be an- 
nounced. 

RADIOLOGICAL Socrery or Sourn DAKOTA 
Secretary- Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL Society or SOUTHERN CALIFORNIA 
Secretary - Treasurer, Dr. Charles G. Campbell, La Jolla, 
Calif. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicumMonp Country RADIOLOGICAL SOCIETY 
Secretary, Dr. W. E, Hamilton, Jr., University Hospital, 
August, Ga. Meets first Thursday of each month at 
various hospitais. 

Rocuesren Roentgen Rav Socrery, ROCHESTER, N. Y. 
Secretary, Dr. Gerald R. Holzwasser, Rochester General 
Hospital, Northside Division, 1425 Portland Ave., 
Rochester 21, N. Y. Meets at 8:15 p.m. on the last Mon- 
day of each month, September through May, at Strong 
Memorial Hospital. 

Rocky จ โอ ย ผา ห ล แง RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den- 
ver 20, Colo. Annual meeting to be announced. 

Sax Anronto-Minirary RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio s, Tex. Meets third Wednesday 
each month in Fort Sam Houston Officer's Club at 6:39 
P.M. 


San Diego 22, Calif. Meets first Wednesday of each 
month at the University Club. 

Sax Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. Malcolm Jones, University of California 
Hospital, San Francisco 22, Calif. Meets quarterly at the 
San Francisco Medical Society, 250 Masonic Ave., San 
Francisco 18, Calif, 

Section on Rapiorocv, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

SkcrioN on Rapiorocy, Mepicar Soctety or THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Martin A. Thomas, 1150 Con- 
necticut Ave., Washington 6, D. C. Meets at Medical 
Society Library, third Wednesday of January, March, 
May and October at 8:00 P.M. 

SECTION on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. John D. Reeves, Department of Radiology, 
Univ. of Florida College of Medicine, Gainesville, Fla. 
Annual meeting to be announced. 

Secrion on RADIOLOGY, Texas MEDICAL Association 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 
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SHREVEPORT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Society ror PEDIATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children’s Hospital, Los 
Angeles 27, Calif., Annual meeting: Radisson Hotel, 
Minneapolis, Minn., Sept. 28, 1964. 

SocizrY or NUCLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago r1, Ill. 
Annual meeting: Claremont Hotel, Berkelev, Calif., June 
17-20, 1964. 

SoutH Bay RADIOLOGICAL SOCIETY 
Secretary, Northern Section: Dr. John S. Wilson, 1 A $ 
Trousdale Dr., Burlingame, Calif.; Southern Section: Dr. 
A. C. Mitchell, 728 Cass, Monterey, Calif. Meets second 
Wednesday of each month. 

SOUTH CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 G St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. Annual meeting 
to be announced. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John. M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at dus P.M. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. B. M. Brady, St. Joseph Hospital, Mem- 

his, Tenn. Meets annually at the time and place of the 
ennessee State Medical Association meeting. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg., 
1216 Pennsylvania Ave., Fort Worth 4, lex. Ánnual 
meeting: Houston, Texas, Jan. 29-30, 1965. 

Tri-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 

ital, Henderson, Ky. Meets third Wednesday of Oct., 
an., March and May, 8:00 P.M., Elks Club in Evansville, 
Ind. 

Universiry or MICHIGAN DEPARTMENT oF ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, at 
3:00 p.m, at University Hospital, Ann Arbor, Mich. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Urau State RAptoroaicar SocigTv 
Secretary, Dr. Carlisle C. Smith, Salt Lake General Hos- 

ital, Salt Lake City, Utah. Meets fourth Wednesday in 
Tanga". March, May, September and November at 
Holy Cross Hospital. 

Vermont RADIOLOGICAL SOCIETY 

erum Dr, John R. Williams, 160 Allen St., Rutland, 
t 


VIRGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Ratliff, Mary Immaculate Hos- 
ital, Newport News, Va. Interim meeting: Homestead 
Bo Hot Springs, Va., April 24-25, 1964. 
WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert H. Rosenberg, 7011 38th Ave., 
N.E., Seattle 15, Wash. Meets quarterly. 
Wzsr VIRGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Karl J. Myers, The Myers Clinic-Broad- 
dus Hospital, Philippi, W. Va. Meets concurrently with 
Annual Meeting of West Virginia State Medical Society; 
other meetings arranged by program committee. 
WESTCHESTER RADIOLOGICAL SOCIETY 
Secretary, Dr. Edward T. Bello, Westchester Academy 
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of Medicine, Section on Radiology, Purchase, N. Y. 
Mects on third Tuesday of January and October and on 
two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles Benkendorf, 408 St. Francis St., 
as: ay, Wis. Ánnual meeting each spring in various 
places. 


Cusa, Mexico, PUERTO Rico AND CENTRAL AMERICA 


Asociaci6n DE RADIOLOGOS DE CENTRO AMERICA Y 
PanamA. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama. 
Secretary-General, Dr. Raul Arguello, sa. Ave., Norte 
No. 48, San Salvador, El Salvador. Meets annually in a 
rotating manner in the six countries. 

SocigDAD DE RADIOLOGfA DE EL SALVADOR 
Secretary, Dr. Rafael Vaga Gómez. 

SocrEDAD DE RADIOLOOfA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 5%, Calle A 0-05, Zona 1, 
Guatemala. 

SocrgDAD DE ใก ร อ บ อ ง โน Y FisioTERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin, 
San José, Costa Rica. 

5 ๐ ๓ ๐ อ 4 Mexicana DE RADIOLOGfA, A. C. 

Calle del Oro No. 15, México 7, D. F. 
Secretary-Genera], Dr. E. Alvarez Hernández. 
Meets first Monday of each month. 

ASOCIACION PURRTORRIQUENA DE RADIOLOOÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SocigbAD RADIOLOGICA PANAMEÑA 


Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 

Panamá, R. de P. Meets monthly in a department of 

radiology of a local hospital chosen at preceding mecting. 
SOCIEDAD RADIOLOGICA DE Puerro Rico 


Secretary, Dr. Jorge Carreras Girard, Suite 504, Profes- 
sional Bldg., Santurce, Puerto Rico. Meets second Thurs- 
day of each month at 8:00 p.m. at the Puerto Rico Medi- 
cal Association Bldg. in San Juan. 


BreITISH COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF EAE 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada Meets our 
times a year. 

BRITISH INSTITUTE or RADIOLOGY 
Honorary Secretary, Dr. R. D. Hoare, 32 Welbeck St., 
London, W. 1, England. Meets monthly from October 
until May. 

CANADIAN ASSOCIATION OF PHYSICISTS, DIVISION OF 

MEDICAL AND BIOLOGICAL PHYSICS. 
Honorary Secretary-Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Cha Annual meeting: Halifax, Nova 
Scotia, June, 1964. 

EDMONTON AND D us RADIOLOGICAL SOCIETY 
Secretary, Dr. J. T. Mason, 540 Tegler Bldg., Edmonton, 
Alberta, Canada. Meets second Tuesday of each month, 


October to May. 

FACULTY or RADIOLOGISTS 
Honorary Secretary, Dr. C. J. Hodson, 47 Lincoln’s Inn 
Fields, London, W.C.2, England. Annual meeting to be 
announced. 


FACULTY or RADIOLOQGISTS, ROYAL COLLEGE OF SURGEONS 
IN IRELAND 
Registrar, Dr. H. O’Flanagan, F.R.C.P.L, D.P.H., 123 
St, Stephens Green, Dublin 2, Ireland. 

Secrion or RADIOLOGY or THE Rovar Sociery or MEDI- 
CINE (Conrinep To MEDICAL MEMBERS) 
Meets third Friday each month at 4:45 P.M, at the Royal 
OT of Medicine, 1 Wimpole St., London, W. 1, Eng- 
and. 
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CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. D. J. Sieniewicz, ร 3440- 
ciate Honorary Secretary- Treasurer, Dr. Maurice Dufresne 
1555 Summerhill Ave., Montreal 25, Que., Canada. 
Annual meeting to be announced. 

MONTREAL RADIOLOGICAL Srupy CLUB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

Secrion or RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

Société CANADIENNE-FRANCAISE D’ELEcTRO-RADIOLOGIE 
MEDICALE 
General Secretary, Dr. Maurice Dufresne, 1560 Sher- 
brooke (East), Montreal, Que., Canada, Meets third 
Saturday each month. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. Wallace M. Roy, St. Joseph's Hospitals, 
3o The Queensway, Toronto 3, Ont., Canada. Meets 
second Monday of each month September through May. 

COLLEGE or RADIOLOGISTS OF AUSTRALIA 
Honorary Secretary, Dr. E. A. Booth, c/o British M edical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 P.M. in the Hospital 
Nacional del Centenario, Santa Fe 1300, Rosario. 

Corécio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Tede Eston de Eston, Caixa Postal 
£984, Sào Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Secretary, Dr. Armando B. de Onaindia, Santa Fe 1171, 
Buenos Aires. Meetings are held monthly. 

SOCIEDAD BOLIVANA DE RADIOLOG{A 
Secretary, Dr. Javier Prada Méndez, Casilla 1596, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assembly meets every two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, Sáo Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in Sáo Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. J. P. Velasco, Avenida Santa María 
0410, Santiago, Chile. Meets fourth Friday of each 
month. 

SociEDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Alberto Mejia Diazgranados, Carrera 13, 
No. 25-31, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

SOCIEDAD EcuATORIANA DE Raptorocía v FISIOTERAPIA 
Secretary, Dr. Luis Blum, P.O. Box 3712, Guayaquil, 
Ecuador. 

5 ๐ ๐ เธ อ 40 Paracuaya DE RADIOLOG{A 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SOCIEDAD Peruana DE RADIOLOGIA 
Secretary, Dr. Vicente Ubillus, Apartado 2306, Lima, 
Peru, Meets monthly except during January, February 
and March, at Asociación Médica Peruana "Daniel A. 
Carrión," Villalta 218, Lima. 

SOcIEDAD DE RADIOLOGIA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 ชั ้ 41-110, Baran- 
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quilla, Colombia. Society mects monthly at the Instituto 
de Radiologia. 

Socigbap DE RADIOLOGIA, 
MÉDICA DEL URUGUAY 
Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal sos, Pernambuco, Brazil. 

SOCIEDAD DE ROENTGENOLOGIA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Carlos A. Oulton, Santa Rosa 447, 
Córdoba, Argentina. 

SocrepaD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Rubén Merenfeld, Apartado No. 
9362, Candelaria, Caracas, Venezuela. Meets monthlv 
third Friday at Colegio Médico del Distrito Federal, 
Caracas. 


CaxcEROLOGÍA Y Fisica 


CONTINENTAL EUROPE 


France. 
ČESKOSLOVENSKÁ SPOLEČNOST PRO ROENTGENOLOGII A 
RADIOLOGII 
Secretary, Dr. Robert Poch, Praha 12, Šrobárova 50, 
Czechoslovakia. Meets monthly except during July, 
August, and September. Annual general meeting. 
Dgurscug RONTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitats- 
Réntgeninstitut., Lagenbeckstr. 1, Mainz, Germany. 
Società โฆ ล บ เม ล DI Raprorocia MEDICA E DI MEDICINA 
NUCLEARE : E 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 
NEDERLANDSE VERENIGING VOOR RADIOLOGIE 
Secretary, Dr. H. F. O. Stricker, Schalklaar, Netherlands. 
SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association called the Northern Association for 
Medical Radiology, meeting every second year in the 
different countries belonging to the Association. 
Soctepap EspaNora DE RapioLocia Y ELECTROLOGÍA 
ม โอ้ 01045 Y MEDICINA NUCLEAR | 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 
SCHWEIZERISCHE GESELLSCHAFT FUR RADIOLOGIE UND 
NUKLEARMEDIZIN (Socikré Suisse DE RADIOLOGIE ET 
DE MÉDECINE NUCLÉAIRE)  _ 
Secretary, Dr. Max Hopf, Effingerstrasse 47, 
Switzerland. 


Bern, 


ASIA 


ไม ถา แม RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad 
Mutiah 1, Diakarta, Indonesia. 
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augmented from the literature by instances of 
primary tumors in recto-sigmoid, tongue, uterus and 
other organs which metastasize to the bronchus, the 
necessity for endoscopy with biopsy becomes appar- 
ent. 

Even tissue studies may not be conclusive, for 
many tumors, especially the poorly differentiated 
ones, can histologically resemble primary lung 


cancer.—-Frank A. Riebel, M.D. 


FISHER, Jonn H. Wegener's granulomatosis: a 
review of three cases. Canad. M. A. 7., Jan. 


Pathology, Faculty of Medicine, University 
of Western Ontario, and The Hamilton King 
Meek Memorial Laboratory of Pathology, 
Victoria Hospital, London, Ontario, Canada.) 


Wegener’s granulomatosis is a fatal disease char- 
acterized by necrotizing lesions of the respiratory 
tract, segmental necrotizing angiitis of blood vessels, 
and necrotizing glomerulitis which frequently leads 
to uremia. It is generally believed that the disease is a 
result of a hypersensitivity antigen-antibody reac- 
tion. The respiratory tract, the spleen, the kidneys, 
and the blood vessels bear the brunt of the disease, 
with granulomatous ulceration of the respiratory 
tract being the initial lesion. 

Three cases are reported in detail. A roentgeno- 
gram of the chest in one patient showed a nodular in- 
filtrate in the right lower lobe. Another patient had 
multiple rounded opacities in both lungs, having the 
appearance of multiple abscesses or granulomata. At 
autopsy, these pulmonary lesions were firm, rub- 
bery, well defined, often with central cavitation, 

Correct antemortem diagnosis was made in 2 of 
the cases. The disease is probably closely related to 
polvarteritis nodosa. -Steven H. Cornell, M.D. 


Ozratay, A. GÜLEN, and BEARD, ALICE 
GAMBLE. Tension pneumothorax: possible 
etiologic role of high intratracheal pressure. 
jJ. Pediat., Oct., 1963, 63, 530-536. (From: 
University. of Arkansas Medical Center, 
Little Rock, Ark.) 

The authors describe 10 cases of early severe 
spontaneous tension pneumothorax in the first 6 
hours of life, in a series of 2,090 term infants and 165 
premature infants. The patient is usually sy mpto- 
matic in proportion to the amount of free air present. 
Rapid and massive accumulation of the entrapped 
air within the first hours of life constitutes a neonatal 
emergency necessitating familiarity with the phys- 
ical findings and roentgenologic characteristics in 
order that therapy may be instituted immediately. 

Clinical manifestations became apparent and diag- 
nosis was made between birth and 6 hours of age. 
Absence of breath sounds and hyperresonance on the 
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affected side seemed pathognomonic for diagnosis of 
this condition in the delivery room. Early surgical 
intervention, although in some cases complicated by 
a mild infiltrative reaction, led to complete recovery 
of all 6 infants thus treated. Because the majority of 
these cases had been resuscitated with oxygen from 
a central source by the use of long No. 12 French 
catheters for intubation, a study of the role of rate 
of flow and frequency of interruption of oxygen ad- 
ministration was made. Intratracheal pressures in 
excess of those necessary for initial expansion were 
recorded, and it is considered that such high pres- 
sures played an important etiologic role in these in- 
stances. James F. Martin, M.D. 





Neer, W. Beidseitige Pleuraverkalkungen im 
Alter. (Bilateral pleural calcifications in the 
aged.) Fortschr. a. d. Geb. d. Rénigenstrahlen 
u. d. Nuklearmedizin, Nov., 1963, 99, 632- 
638. (Address: Bezirkskrankenhaus für Tuber- 
kulose und Lungenkrankheiten, Nikolai- 
Rumjanzew-Strasse 100, Leipzig W 
Germany.) 


3; 


Calcific pleural plaques usually are the result of 
chronic inflammations and of traumatic episodes, 
like empyema, pneumothorax and hemothorax. 
They are unilateral and of variable shape. Occasion- 
ally, however, bilateral pleural calcifications may 
also be observed. These can usually be traced to 
chronic inhalation of asbestos and talcum dust. In 
rare instances, they can also be observed in persons 
who had never been exposed to noxious dust. The 
author, in surveying 111,069 photofluorograms, 
found 33 such cases with bilateral involvement. 

The arrangement of these calcifications usually 
followed the course of ribs. They were found almost 
everywhere with the exception of the apical fields. 
The lungs were free from disease, and there was no 
evidence of pneumonoconiosis. Only 4 patients were 
under 65 vears of age and two thirds (22) were 
women. 

Etiology and pathogenesis are not clear in view of 
an entirely negative history. According to the ex- 
perience of others, the calcifications are confined to 
the parietal pleura, and the pleural space is not ob- 
literated. 

The only outstanding feature is the advanced age 
which in most of the cases can be made responsible in 
the absence of other contributing factors. In older 
people, the pleural surfaces are grayish-white, thick. 
ened and not as glittering as in earlier life. Vascular 
and lymphatic networks of the pleura tend to under- 
go senile atrophy. This can lead to diminished acid 
contents of body fluids and to the deposition of 
calcific material (dystrophic calcifications). The 
knowledge of such innocuous calcifications is of value 
in the decision of medicolegal problems.--/. Kraft, 
M.D. 
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WarzkM, Davin E, 
Epwarp B. Tetralogy 
evaluation before and after surgical dd 
ment. Radiology, Nov., 1963, S7, 760-769 
(From: Departments of Radiology, Te exis 
Children's Hospital and Baylor University 
College of Medicine, Houston, Texas.) 


and — SINGLETON, 
of Fallot: radiologic 


The authors present a thorough analysis of the 
pre- and postoperative chest roentgenograms of a 


group of 67 infants and children with tetralogy of 


Fallot. Twenty patients were under 1 vear of age, 38 
were between 1 and 6 years and 9 were 7 and 13 vears 
of age. Of the total group, 22 patients ก ล ent à 
Blalock-Taussig procedure, 40 a Potts’ procedure, 
and § had total corrections. In 13 of the first two 
operative groups a total correction. was performed 
later as a secondary procedure. Particular attention 
was directed to the cardiac size and, contour and 
pulmonary vascularity both before and after opera- 
tion. The analysis of cardiac size utilized the cardio- 
thoracic ratio with norms selected from the litera- 
ture. 

The preoperative evaluation of this group dis- 
closed that there was no heart enlargement in the pa- 
tients under 1 year and over 6 years of age. However, 
18 of the 38 patients from 1 to 6 years of age had 
cardiothoracic ratios more than two standard devi- 
ations above norms for their age. The reason for this 
apparent variation between age groups is not clear. 
The preoperative contour is frequently reported to be 
normal in infancy, with right ventricular hyper- 
trophy not developing until later in childhood. 
However, the present study indicates that elevation 
of the cardiac apex was observed in 92. 
the total group and that pulmonary vascularity was 
defimtely decreased in $6.7 per cent. 

Postoperatively 77.7 per cent of the patients 
showed an increase in the cardiothoracic ratios 
within the first 6 months after surgery, while only 
22.5 per cent demonstrated either no change or a de- 
crease in this ratio. The increase in the cardio- 
thoracic ratios of the entire series, without regards to 
age, was 6.9 per cent. The noted increase in heart size 
in this series correlates with previous reports that an 
increase in heart size parallels clinical improvement. 
Nearly all patients demonstrated right ventricular 
enlargement and 43.3 per cent had an increase in the 
pulmonary artery segment. Also, g1 per cent showed 
an increase in pulmonary vascularity. 

The case histories of 3 patients, with a accompany ing 
roentgenographic reproductions, are presented in de- 


tiil.—A. B. Best, M.D. 


Loocen, F. Complications after cardiac sur- 
gery. German Med. Monthly, Oct., 1963, 8, 
4047412. (Address: Medizinische Klinik der 
Medizinischen Akademie, Moorenstr. g, 
Düsseldorf, Germany.) 
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The medical aspects of the postoperative cardiac 
patient have been neglected, probably due to the 
relatively new field of cardiac surgery and inability to 
determine long-term results as vet. Arrhythmias and 
conduction disturbances are fairly common but are 
not a major problem. Total A-V block is a severe 
complication. but is relatively rare with improved 
surgical techniques. 

Aneurysms due to loosening of sutures occur occa- 
sionally after correction of coarctation of the aorta. 
The patient usually experiences sudden chest pain, 
collapse and bloody sputam but the aneurysm may 
be an incidental finding on routine postoperative 
roentgenograms. Restenosis may occur after correc- 
tion of a coarctation, thought to be due to progressive 
thrombosis. It is usually associated with the use of 
prosthetic materials. Restenosis also occurs after 
mitral valvular commissurotomy due to reappearance 
of adhesions or to progression of calcification. 

Recanalization of a ductus arteriosus can occur 
when ligation instead of section has been carried out. 
It is usually associated with reappearance of symp- 
toms or of objective findings. Pulmonary insuti- 
ciency is a rather frequent finding after pulmonary 
valvotomy. It may appear immec liatel y after surgery 
or be delayed. The significance of pulmonary in- 
sufficiency is not vet determined. The importance of 
routine postoperative roentgenograms is stressed.-— 


Barry E. Geraid, M.D. 


Borr, P., Bussar, P. and LEMONNIER, J. 
Rheumatic heart disease and detta: 
AMA. Arch. Int. Med., Jan., 1964, 773, 19- 
22. (Address: Dr. P. Bopp, Hôpital เก 
quM de Cardiologie, Geneva, cue 
land.) 


A 2th case is added to the previously reported 
cases of rheumatic heart disease in patients with 
situs inversus. The patient presented had pure 
mitral stenosis; an unusual aspect of the case was the 
performance of a trans-septal catheterization which 
had to be done in a reverse manner from the usual. 


The authors do not believe that the course of 
rheumatic heart disease is modified by the presence 
of dextrocardia.— Seven. H. Cornell, M.D. 


VaRADARAJAN, M. G. Aneurysm of thoracic 
aorta with unusual features. Mediscope, 
Madras, June, 1962, 5, 121—126. (Address: 
The Government General Hospital, Madras, 


India.) 


A 60 year old male Indian presented with a painful 
pulsatile mass about his right anterior chest wall 
which simulated an aneurysm of the ascending aorta. 
There was no rib erosion evident, however, and there 
was an unexpected displacement of the trachea and 
the proximal thoracic portion of the barium filled 
esophagus to the right, along with narrowing of the 
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trachea and esophagus which was maximum at 
the level of the sth thoracic segment. There was 
dvspnea on exertion and cough. The vertebrae did 
not appear involved; the V.D.R.L. was stronglv 
positive. 

Postmortem examination revealed the right 
anterior chest wall swelling to be made up of blood 
clot covered by bare skin which was due to a small 
leak from the aorta. The tracheal and esophageal 
findings were due to an uncommonly situated luetic 
saccular aneurysm which was located in the poste- 
rior wall of the ascending aorta just above the 
aortic cusps and extended towards the vertebral 
column. There was also a sacculo-fusiform aneurys- 
mal dilatation of the arch of the aorta particularly 
in its posterior portion. 

It is pointed out that the more common type of 
saccular aneurysm of the ascending aorta is one of 
“physical signs" as it enlarges towards the right 
anterior chest wall, and if large enough will erode the 
second and third ribs and press out through the 
sternoclavicular joint. Aneurysms of the aortic arch 
are usually aneurysms with “symptoms” due to pres- 
sure on one of the intimately adjacent structures 
such as the trachea, esophagus, thoracic duct, left 
main stem bronchus, left recurrent laryngeal nerve, 
or vertebral bodies. It is also noted that combined 
aneurysmal involvment of the ascending and trans- 
verse portions is not uncommon. Denali M. 
Monson, M.D. 


DELvIGNE, J. L'hémangiome mediastinal. 
(Mediastinal hemangioma.) F. belge de radiof., 
1963, gO, 452-461. (Address: Service de 
Radiodiagnostic, Hôpital de Bavière, Uni- 
versité de Liège, Liège, Belgium.) 


Benign mediastinal tumors are comparatively 
are, and of these only 2 to 3 per cent are lymphan- 
giomas or hemangiomas. 
located in the posterosuperior mediastinum, It was 
slow-growing, did not pulsate, and was differentiatec 
from aortic or pulmonary artery aneurysm by 
angiography; there was no souffle or thrill. The large 
mass was excised together with part of the aorta, and 
an aortic graft successfully placed. Source of blood 
supply of the tumor was via the intercostal arteries. 


Frank A. Riebel, M.D, 


Berman, Barnerr. Pulmonary hypertrophic 
osteoarthropathv. ,4.M.4.. Arch. Int. Med., 
Dec., 1963, 7/72, .947-953. (Address: 714 
Park Avenue, Baltimore 1, Md.) 


The syndrome of hypertrophic pulmonary osteo- 
arthropathy consists of: 1. periosteal proliferation of 
the distal ends of the long bones; 2. toint manifesta- 
tions of swelling, pain and tenderness; and 3. club- 
bing of the fingers. 

Chronic pulmonary disease has been the most fre- 
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quent cause of osteoarthropathy. In the early part of 
this century chronic lung abscess, empyema and in- 
fected bronchiectasis were the most frequent asso- 
ciated findings, The presence of pulmonary tubercu- 
losis without complicating bronchiectasis, lung 
abscess or cyanosis is almost never associated with 
this syndrome. It is also seen in congenital heart dis- 
ease with right to left shunt and cyanosis, in pul- 
monary arteriovenous fistulae, in subacute bacterial 
endocarditis, and, less frequently, in chronic lung 
disease, steatorrhea, myxedema, chrome myeloid 
leukemia, carcinoma of the nasopharynx and car- 
cinoma of the thymus. The greatest relative fre- 
quency of association of hypertrophic osteoarthrop- 
athy is with a mesothelioma involving the visceral 
pleura, where a so per cent incidence is reported. It 
occurs in less than § per cent of cases with broncho- 
wenic carcinoma. 

A case is presented in which the arthropathy pre- 
ceded the appearance of a bronchogenic carcinoma 
by 2 years. 

Experimental and clinical evidence indicates that 
an increased peripheral blood flow is undoubtedly 
present but there must he some other unknown 
neurogenic or endocrine causative factor.--Dacid 


Morse, M.D. 


GENITOURINARY SYSTEM 


Haace, H., and Rena, A. Spasmus der Nieren- 
arterien bei der Renovasographie. (Spasm of 
renal arteries during renal vasography.) 
Fortschr. a. d. Geb. d. Rüntgenstrahlen u. d. 
Nuklearmediziu, Nov., 1963, 99, 649-653. 
(Address: O. A. Dr. H. Haage, Róntgen- 
abteilung, Knappschaftskrankenhaus, 4600 
Dortmund, Germany.) 


Spasm of a renal artery is a rare condition so that 
its existence 1s doubted. The authors, however, re- 
port two cases in which they could observe this 
phenomenon. 

In the first case, aortography revealed a small seg- 
ment of irregular narrowing of the renal artery distal 
to the branching of the suprarenal artery. Slight 
arteriosclerotic changes were also observed in this 
area, Subsequent selective arteriography with the 
red Odman catheter corroborated the previously sus- 
pected stenosis and disclosed an additional ring-lhike 
incisura more distally. A third injection of contrast 
material after withdrawal of the catheter tip now 
revealed a normal width of the renal artery. 

In the second case, aortography disclosed poor 
vascularization of the dorsal branch of the left renal 
artery with diminished opacification of the lower 
pole of the left kidney. Selective arteriography 
demonstrated irregular filling of the distal portion of 
the dorsal branch. On repeated examination there 
was complete closure of this branch without irrita- 
tion of other vessels. A nephrectomy was performed, 


948 


which revealed a marked infectious process of the 
lower pole of the left kidney with perirenal ad- 
hesions and cortical necrosis in spite of patent 
arteries. 

In the first case, mechanical irritation of the 
catheter tip contributed to the vasospasm. Arterio- 
sclerotic changes were also present in the more 
proximal parts of the artery. The pressure of the injec- 
tion could have been another contributing factor, 
likewise a chemical irritation of the injected iodine 
solution. 

In the second case, there was absence of an organic 
obstruction, of arteriosclerotic changes, and of 
thrombangiitis. Therefore, an isolated angiospasm 
would have to be assumed as an explanation of the 
anemic infarct and secondary cortical stenosis. 

It is concluded that the contrast material could 
cause a mechanical and chemical irritation. In addi- 
tion, vasospasm could be induced by the drug and by 
a damaged vessel. Most likely, a combination of at 
least two of these factors is responsible. Serial angio- 
grams are necessary to prove the transient nature of 
the spasm.—£. Kraft, M.D. 


Konc, Tuomas Quin, MEANEY, Tuomas F., 
DusTaN, HARRIET P., and Sones, F. Mason. 
Safety of selective renal arteriography. 4m. 
T. M. Sc., Nov., 1963, 246, 527—531. (From: 
Research Division, the Division of Radiology 
and Department of Pediatrics and the 
Cardiac Laboratory, Cleveland Clinic Foun- 
dation, Cleveland, Ohio.) 


In selective renal arteriography contrast material 
is injected directly into a renal artery. To determine 
the safety of this technique urinary protein excretion 
was measured before and after arteriography in 31 
patients. Because Kirkland and Haslock have re- 
ported that proteinuria can follow the intravenous or 
intraarterial injection of contrast material, the re- 
sults of 31 patients were compared with those ob- 
tained in 17 patients before and after left ventricu- 
lography and ascending aortography. 

Following the introduction of the catheter into the 
femoral artery by the Seldinger technique, selective 
renal arteriography was performed by injecting 4 to 
6 ml. of 50 per cent hypaque sodium by manual in- 
jection. Additional injections were made if needed. 
At least one aortic injection was performed to visual- 
ize the orifices of the renal arteries and to determine 
their total number; 10 to 20 ml. of contrast material 
was injected with an autopressure injector, at a 
pressure of 75 lb. per square inch. Care was taken to 
direct the catheter tip away from the renal arteries. 

The volume of go per cent hypaque sodium used 
during cinecardioangiography ranged from 76 to 
196 ml. and averaged 120 ml. 

Renal arteriography produced no changes in renal 
function except in 1 patient with essential hyperten- 
sion who had nonocclusive bilateral renal arterial 
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lesions. Prior to arteriography urinary protein ex- 
cretion had been normal but immediately following 
the test it was found to be 1.04 grams for 24 hours. 
Subsequent measures gave normal values. In 6 pa- 
tients who had abnormal excretion rates before 
arteriography, proteinuria was not increased after- 
ward. Urea and creatinine clearance were also un- 
affected. 

Cinecardioangiography did not affect the normal 
protein excretion in 16 patients. In 1 with elevation 
of the urinary protein before the test an increase was 
noted after the study. This returned to the pre-test 
range I month later.—David Morse, M.D. 


Sutton, Davin, Brunton, F. J., Foot, E. C., 
and GUTHRIE, J. Fibromuscular, fibrous and 
non-atheromatous renal artery stenosis and 
hypertension. Clin. Radiol., Oct., 1963, 74, 
381-391. (From: Departments of Radiology, 
and Pathology, St. Mary’s Hospital, London, 
W.2, England.) 


In recent years “fibromuscular hyperplasia” of the 
renal arteries has been established as a pathologic 
entity causing renal artery stenosis and secondary 
hypertension. With the increasing use of arteriogra- 
pay in hypertension many more cases due to ather- 
omatous and nonatheromatous lesions are being dis- 
covered. Among some 500 hypertensive patients 
there have been over 60 cases of atheromatous 
stenosis. Thirty-five cases of atheromatous stenosis 
have been encountered in patients with aortic or 
peripheral vascular disease. Thirty-five cases of non- 
a-heromatous renal artery stenosis have been seen 
and the purpose of this paper is to discuss the non- 
atheromatous group of cases in detail. 

In fibromuscular hyperplasia clinically there is evi- 
dence of renal ischemia with secondary hyperten- 
sion, due to renal artery stenosis. The disease is pre- 
dominantly female in sex incidence, the majority of 
the authors' patients being over 40 years of age. De- 
finitive roentgen diagnosis depends upon arteriogra- 
phy. The pyelographic syndrome of renal artery 
stenosis in its extreme form consists of reduction in 
size of the affected kidney, increased contrast density 
in the affected kidney with “‘spasticity” of the calyces 
in this kidney, smooth contour of the small kidney in 
contrast to the small irregular contracted kidney of 
chronic pyelonephritis, and delayed excretion effect 
on the affected side. Fibromuscular hyperplasia is 
often bilateral, being unilateral in only 14 of the 
authors' 26 cases. Fibromuscular hyperplasia must 
be producing true renal artery stenosis and ischemia 
before hypertension will ensue. It tends to involve 
the middle and distal thirds of the main artery, 
while atheromatous stenosis involves the origin or 
proximal centimeter of the renal artery. Two cases of 
fibrous stenosis of the renal artery are reported in 
this paper together with 2 cases of extrinsic stenosis 
from fibrous bands. Two cases of congenital renal 


Vot. gt, No. 4 


artery hypoplasia: 1 in infancy and 1 at the age of 2 
years, are also reported. Pathology of the constrict- 
ing lesion was available in 7 of the 3$ cases of non- 
atheromatous renal artery stenosis, The final histo- 
logic diagnosis was medial fibromuscular hyper- 
plasia (2 cases), perimuscular fibrosis (2 cases), 
localized congenital hypoplasia (1 case) and extrinsic 
pressure bands (2 cases). In the extrinsic pressure 
cases histologic study revealed that the bands con- 
tained sympathetic fibers and appeared to be asso- 
ciated with the lumbar sympathetic chain.— 
Samuel G. Henderson, M.D. 


KnreTCHMAR, L. H., Greene, W. M., and 
ม ไอ ไว อ ม แบก, D. F. Evaluation of renal func- 
tion in shock with the radioisotope renogram. 
Surg., Gynec. & Obst., Dec., 1963, 777, 733- 
737. (From: Buswell Urology Research 
Laboratorv, Universitv of Rochester School 
of Medicine and Dentistry, Rochester, N. Y.) 


Using heparinized female dogs, renograms, urine 
flow rates and urine osmolalities were obtained be- 
fore bleeding, after blood loss and during severe 
shock with the blood pressure so mm. of mercury or 
less. During this latter stage, several drugs were 
given and the effect on the urine flow and the reno- 
gram noted. The isotope used was I"! hippuran in a 
dose of 1 uc/3 kg. 

The normal dog renogram is similar to that of the 
human. The renogram obtained in hypovolemia was 
that of a higher, broader curve, comparable to trac- 
ings obtained in dehydrated animals. The renogram 
obtained with the animal in shock was similar to 
that seen with an obstructed kidney, showing a slow 
ascending curve, due to an accumulation of I?! hip- 
puran in the tubules. A sharp descent in the curve 
was noted as the radioactive material leaves the kid- 
ney after injection of a diuretic agent. 

The drugs used were levarterenol, metaraminol, 
mannitol, and THAM. The last was the most effec- 
tive drug for inducing diuresis during hypovolemic 
shock. This drug 1s an osmotic diuretic as well as a 
potent intracellular buffering agent. Its effect on 
renal function and shock is related to these factors 
and perhaps others as yet unknown.—Barry F. 
Gerald, M.D. 





Brown, Frank A., GELBER, ROBERT H., 
YoukErEs, Lee H., and Bennett, LESLIE R. 
Quantitative approach to the I?! renogram. 
7.4.M.., Oct. 19, 1963, 7860, 211-214. 
(From: Departments of Radiology and Pre- 
ventive Medicine and Public Health, Uni- 
versity of California School of Medicine, 
Los Angles, Calif.) 

The quantitative parameters T,44, and Ti, previ- 
ously described by Stewart and Haynie, as well as 

Tmax. and/or T; and Tmax. and T, were utilized in the 
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interpretation of the radioisotopic renogram as an aid 
in distinguishing normal from abnormal kidneys. 

"Tasas. is defined as the time from point of injection 
to point of maximum count rate. T; is the time from 
point of maximum count rate to the point where the 
count rate has fallen to one-half its maximum value. 

Values of less than 4 min. for the Tmax. and less 
than 7 min. for the T; were chosen after renograms 
on 22 normal subjects were studied. With these 
values false positives were reduced to 5 per cent for 
the Tinax, and 16 per cent for the T;. 

Patients with renal artery lesions, glomerulo- 
nephritis, pyelonephritis and obstructive uropathy 
were studied. Although the number of cases in each 
category is relatively small it is felt that this ap- 
proach can detect major kidney disease with reason- 
able accuracy except for acute and subacute glo- 
merulonephritis.—PAp Rubin, M.D. 


Strokes, James M., and TER-POGOSSIAN, 
Micuet M. Double isotope technique to 
measure renal functions: single injection 
technique without urine collection. 7.4. M. 4. 
Tan. 4, 1964, 787, 20-23. (From: Department 
of Surgery, Washington University School of 
Medicine, and the Mallinckrodt Institute of 
Radiology, St. Louis, Mo.) 


Simultaneous double tracer studies represent an 
interesting application of radioisotope techniques. 
Perhaps the best known member of this family of 
tests is the simultaneous estimation of plasma and 
blood cell volume. In the present study, however, two 
isotopic forms of the same element, iodine, namely 
I5 and I!) have been used to estimate the distribu- 
tion of very similar chemical substances in the blood. 

The techniques of gamma spectrometry are readily 
emploved with these two isotopes because of the con- 
siderable difference in the qualities of their gamma- 
rav emissions. I? principally emits a 27.4 kev. K 
x-ray, and a gamma ray at 35.4 kev. The major I"?! 
peaks at 364 kev. and 638 kev. are well known. The 
gamma-ray spectrometer used to count these two 
emitters simultaneously provides a window at from 
20 to 60 kev. and a second window from 80 kev. to 
infinity. A sample of I” counted in such a spectrom- 
eter with the first window open will be counted in 
the first window but will show no activity in the 
second, or higher, window. P3, however, will be 
counted at full efficiency in the second window, but 
will also show some count in the first window repre- 
senting scatter and degraded radiations. 

If the counting rate in the lower, or P> window, is 
A and the counting rate in the higher, or [ window, 
is B then the amount of P” in the sample is propor- 
tional to: 

(4) 


A —Bx-—— pm, 
(B) 
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In this particular study the authors have employed 
the dual tracer method to study simultaneously the 
distribution of sodium diatrizoate tagged with I3! 
and sodium iodohippurate tagged with I! and have 
estimated their excretion kinetics on the basis of 
whole blood activities found in samples obtained in 
from § to 60 minutes after injection of the tracer ma- 
terials. The technique will lend itself to the study of 
similar complex physiologic functions.—Frederick 7. 
Bonte, M.D. 


Nervous SYSTEM 


Lopce, Tuomas. Radiology in the management 
of paraplegia. Clin. Radiol., Oct., 1963, 74, 
365-380. (From: Lodge Moor Hospital, 
Sheffield, England.) 


The large majority of Lodge's 320 cases surveyed 
for this study were men (rarely women), in the prime 
of life with paraplegia of sudden onset due to spinal 
injury. With modern control of inevitable infections 
and a better understanding of nursing requirements, 
such patients can now be saved from early death and 
taught to help themselves and to re-educate their 
locomotor and excretory systems. The mortality of 
"broken neck" patients has now been reduced from 
45 to 8.4 per cent. Almost all cases are due to direct 
violence, usually hyperflexion. The type of resultant 
fracture depends on whether or not the posterior 
ligament complex is ruptured. The commorest level 
of fracture is between the 11th thoracic and the 2nd 
lumbar vertebrae. If rupture of the posterior liga- 
ment has occurred, the adiacent spinous processes 
will be seen to be abnormally separated vertically on 
roentgenograms made in the lateral projection. 

Four structures are involved in severe spinal in- 
juries: the vertebral body; the intervertebral disk; 
the intervertebral (apophyseal) joints; and the inter- 
spinous ligament. As the injury heals the vertebral 
body increases in density, the fracture is obliterated 
and anterior and lateral ossification takes place. 

Cervical injuries. Puzzling fractures may occur in 
the cervical spine, often associated with tetra- 
plegia. Extension injuries and so-called “whip- 
lash” injuries may show no definite fracture. Flexion 
fracture-dislocations are usually seen at the sth 
cervical vertebra. Vertical sagittal fractures of a 
single vertebral body tend to occur in the 4th or sth 
vertebra and are invariably confused with the air- 
filled slit of the larynx. These fractures almost always 
result in paraplegia. Rheumatoid disease may predis- 
pose to hematomata in and around the spinal cord 
and in some cases fracture is found after injury, but 
the cervical cord may be irretrievably damaged, and 
the patient die. 

Management. During the healing stage of the 
spinal injury many services have to be carried out by 
the nursing staff. There is a definite association be- 
tween bowel stasis and urinary infection. In general 
these patients show no delay in passage of a barium 
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meal until it reaches the region of the splenic flexure 
of the colon. 

The urinary system. Avoidance or immediate 
treatment of infection and adequate emptying of the 
bladder are extremely important in prevention of 
bzck pressure dilatation of the upper urinary tracts, 
with the risk of pyelonephritis. Catheter drainage, 
unless properly performed, may lead to fistulae, 
sinuses and/or urethral diverticula in male para- 
plegics, subsequent to periurethral abscess. Vesico- 
ureteric reflux is an important but late complication. 
It is commoner in higher infections but is reversible 
if efficient bladder emptying can be established. 

The locomotor system. The most striking roentgeno- 
logic manifestations in paraplegic patients are to be 
seen in the bony skeleton and the soft parts below the 
level of the spinal lesion. The commonest occurrence 
is osteoporosis, which is almost invariably seen in the 
leg bones, and usually also in the pelvis. When 
oszeoporosis in the leg bones is present it is most 
marked around the knee joint. It can be extreme in 
the foot. Erosion of bones takes place over the pres- 
sure points. When new bone is formed over the ischia 
it nas a ““whiskered” appearance. 

Changes tn joints. There is often gross calcification 
around a joint but usually little or no change within 
the joint. In the sacroiliac joints, frequently, there 
may be seen changes consisting of narrowing of the 
Joint spaces with small articular erosions, similar to 
the appearance seen in ankylosing spondylitis. 

Changes in soft tissue. Ossification and calcification 
in the muscular tissues below the level of the spinal 
lesion may be noted. These changes are hardly ever 
above the pelvis or below the knee. Ossification 
around the hips may be so massive as to obstruct. 
flexion and may have to be removed. Ossification 
around the knees may resemble ectopic bone known 
as the Pellegrini-Stieda lesion. As with bone changes, 
so with soft tissue ossification; it is rarely seen in the 
upper extremity, even with cervical lesions. No 
satisfactory explanation for this ossification in soft 
tissues has been proposed. Recumbency promotes the 
mcbilization of calcium from the bones, and this may 
be an etiologic factor. It is less common in recent 
years, possibly as a result of modern methods of 
treatment.—Samuel G. Henderson, M.D. 


V^RADARAJAN, M. G. Varied neurological fea- 
cures in skeletal fluorosis. Mediscope, Madras, 
Aug. 1962, 5, 335-342. (Address: The 
Government General Hospital, Madras, 


India.) 


Neurologic abnormalities in skeletal fluorosis are 
attributed to osseous proliferation about the skull 
and the vertebral column with resultant pressure on 
the nerve roots and also the spinal cord from a de- 
crease in the diameter of the spinal canal by bony 
ingrowths into the canal. Reported neurologic de&- 
cits include generalized muscular wasting, muscular 
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tenderness on pressure, complete rigidity of the 
spine, brisk knee and ankle jerks, bilateral plantar 
response, loss of vibratory sense in the lower ex- 
tremities, and patchy anesthesia. There may be fea- 
tures of paroxysmal headaches, meralgia paraesthet- 
ica, Brown-Sequard syndrome, root compression, 
and amyotrophic lateral sclerosis. The chief neuro- 
logic lesion is the development of a spastic para- 
plegia in extension which slowly changes to a para- 
plegia in flexion. A spinal sensory level is present in 
most of the cases. Áfter a fairly prolonged intoxi- 
cation due to excessive amounts of fluorine, there is 
considerable invalidism so that the helpless victims 
of this disease cannot even stand without support. 
Ultimately they develop crippling deformities and 
are completely bed-ridden. 

The included case report is that of a 45 year old 
Indian woman presenting with a picture of spastic 
paraplegia, with an Li sensory level and perianal 
anesthesia due to spinal compression. 

It is pointed out that it takes anywhere from 1 to 
40 years of residence in an endemic area for a definite 
picture of skeletal fluorosis to develop, depending on 
how high the fluorine content of the water, how ex- 
cessively warm the climate, and how poor the state 
of nutrition. From childhood to about 30 years of age 
only mottling of the teeth is noted, with few other 
ill-effects exhibited. It is after this that symptoms of 
intoxication appear. Diets which include one or 
more deficiencies of animal proteins, fats, calcium, 
phosphorus, and vitamins A, C, and D, in the pres- 
ence of a high fluorine content of water appear to 
favor the development of crippling deformities and 
disabilities in skeletal fluorosis. The degree of dis- 
ability is related to the amount of physical strain, 
with pain and stiffness being more severe in the 
joints used most by the individual. 

The author also mentions again that the low con- 
centration of one part of fluorine per million parts of 
water, which is effective in lowering the incidence of 
dental caries, is innocuous.—Donald M. Monson, 
M.D. 


SKELETAL SYSTEM 


SACREZ, CH. Gros. R., Lévy, J. M., WALTER, 
J. P., and Francrort, F. F. (Strasbourg, 
France.) Hypertélorisme avec malformations 
cranio-faciales encéphaliques et vertébrales 
multiples. (Hypertelorism with multiple 
cranio-facial encephalic and vertebral mal- 
formations.) 7. de radiol., d'élecirol. et de 
méd. nucléaire, Oct., 1963, 44, 635-638. 


The authors report the case of a 19 month old boy 
with hypertelorism without craniostenosis. There 
was markedly retarded psychomotor development 
and multiple developmental anomalies and mal- 
formations. These included trochocephaly with 
marked brachycephaly, posterior midline cyst with 
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partial agenesis of the corpus callosum as demon- 
strated by pneumoencephalography, deformity of 
the nose and of the mouth, malposition of the teeth, 
harelip, multiple anomalies of the posterior arches of 
the dorsal vertebrae, flattening of the costovertebral 
angle with the ribs almost horizontal, left cryptor- 
chidism, marked laxity of the joints, muscular 
atrophy and definite retardation of bone matura- 
tion. 

Of considerable interest in this case was the genetic 
history. The maternal grandmother, the mother, a 
brother and a half sister had the same condition 
with associated mental retardation. 

Evidently this is a dominant condition transmitted 
on the maternal side. 

Six photographs and reproductions of roentgeno- 
grams accompany this case report—William H. 
Shehadi, M.D. 


Atonso, Francisco Arce, and Ocuoa, 
MANUEL ARCE. Importancia del diagnóstico 
radiológico en la enfermedad de Albers- 
Schoenberg. (Importance of diagnostic radi- 
ology in Albers-Schónberg's disease.) Acta 
ibér. radiol. cancerol., July-Sept., 1963, 18, 
259-272. (From: Hospital del Niño Jesús y 
Hospital Asilo de San Rafael, Madrid, 
Spain.) 


Osteopetrosis is a familial disorder usually mani- 
fested in the first 4 years of life (sometimes in utero) 
and is characterized clinically by anemia, hepato- 
splenomegaly, and orcasionally lymphadenopthy. 
Roentgenologic examination of the skeleton is neces- 
sary for diagnosis and for following the individual pa- 
tients. 

There is sclerotic change of the bones involving 
mainly the metaphyses and diaphyses. The base of 
the skull is sclerotic and there may be impingement 
upon the foramina. Occasionally the facial bones are 
involved. The long bones, spine, pelvis and ribs are 
almost uniformly involved. The degree of involve- 
ment may vary from punctate areas of sclerosis 
around the metaphyses to transverse bands of in- 
creased opacity, linear areas of sclerosis in the long 
bones and ribs, or a rather general increase in radi- 
opacity of these bones. The vertebral bodies may 
present a “sandwick” appearance with relatively 
greater sclerosis of the superior and inferior borders. 
The bones of the pelv:s and sometimes the ends of the 
long bones may present the appearance of “a bone 
within a bone." The metaphysis of long bones may 
be somewhat expanded and demonstrate uniform 
sclerosis or alternating transverse bands of sclerosis 
and areas of lesser opacity. In the posteroanterior 
view of the skull the sclerosis around the orbits may 
resemble the appearance of goggles. — 

Two cases are reported with demonstration of 
roentgenologic changes throughout the skeleton.— 
Charles M. Nice, Fr, M.D., PA.D. 
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Mayman, A. Benign osteoblastoma (giant 
osteoid osteoma): report of an unusual rib 
tumour and review of the literature. Canad. 


Rosensweie, J., Pinrar, K., MIKAIL, M., and 


Departments of Cardio-Thoracic Surgery, 
Pathology and Medicine, Jewish General 
Hospital, Montreal, Quebec, Canada.) 


The authors detail the findings in a patient with a 
large sclerotic osteoblastoma in a rib. The lesion was 
found on a routine roentgenographic chest examina- 
tion in a male aged 27. He reported only occasional 
slight chest pain on the right. The tumor expanded 
the posterior portion of the sixth right rib and was 
densely sclerotic. The adjacent ribs were notched. 
Chest and bone survey studies were negative. 

This is an unusual roentgen appearance, as these 
lesions commonly are osteolytic, with thinning or ero- 
sion of the overlying cortex and varying degrees of 
sclerosis. Symptoms are few even though the lesions 
may be large. 

Surgery in this case disclosed a stony-hard mass 
without soft tissue involvement and a wide excision 
was done because of the clinical and roentgen sus- 
picion of osteogenic sarcoma of the parosteal type. 
Pathologic examination showed no infiltration of the 
soft-tissue, but the adjacent muscles were compressed 
and the parietal pleura thickened. 

These lesions are histologically related to osteoma 
and osteoid osteoma with osteoblastic proliferation 
and osteoid formation in a vascular stroma, al- 
though the roentgen findings are dissimilar. The 
term osteoblastoma was introduced by Jaffe in 1956. 
The authors list 43 reported cases and this is the 
third such reported case in a rib. 

Osteoid osteoma and osteoblastoma have been 
classified as tumors, but the authors suggest that 
locally altered blood supply (cause?) may stimulate 
osteoblastic activity and result in these lesions.-— 
Martha Mottram, M.D. 


carpal and metatarsal bones. Acra orthop. 
scandinav., 1963, 33, 246-252. (From: Clinic 
for Orthopaedics and Traumatology, Uni- 
versity of Helsinki, Helsinki, Finland.) 


Although osteoid osteoma has been reported in 
almost every bone in the skeleton, the metacarpals 
and metatarsals are unusual sites for these lesions. 
In r959, Freiberger collected 425 cases from the 
literature and added 8o of his own, and of these 505 
cases only 3 were in the metacarpals and 3 in the 
metatarsals. 

The present report deals with: 

1. A 20 year old female with swelling of the dorsum 
of the hand for 2 vears and persistent pain and ten- 
derness over the distal end of the third metacarpal. 
The shaft showed fusiform expansion, thickening 
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and marked sclerosis with a small nidus in the third 
metacarpal. 

2. A 20 year old male with pain, swelling and 
tenderness for 1 year over the dorsum of the foot. The 
shaft of the second metatarsal showed periosteal new 
bone formation and the thickened cortex obscured 
the nidus. 

Both cases had surgery with histologic verifica- 
tion. Interestingly, the first case was clinically diag- 
nosed and treated for bone tuberculosis for 8 months 
and the second was considered a march fracture 
initially.—-Afartha Mottram, M.D. 


Barnes, WiLLiAM C., and MALAMENT, Max- 
WELL. Osteitis pubis. Surg., Gynec. £g Obst., 
Sept., 1963, 777, 277-284. (From: Urology 
Section, Surgical Service, Veterans Ad- 
ministration Hospital, East Orange, N. J.) 


Osteitis pubis is a disease affecting the pubic bone 
and its rami. It usually follows open surgery to the 
prostate or bladder regions. Rarely it has been seen 
without previous surgery. 

Characteristically the onset is between 2 weeks to 
3 months following surgery. It begins with acute pain 
over the symphysis pubis and the inner aspects of the 
thighs. There is point tenderness over the symphysis. 
The pain increases and walking becomes very pain- 
ful. Flexing the thighs helps relieve the pain. There 
may be an accompanying low grade fever. 

Roentgenograms may not show any abnormality 
until 2 to 4 weeks after the onset of symptoms; then 
a moth-eaten rarefaction of the symphysis, loss of 
trabeculation and eventually separation of the 
symphysis will develop. 

Differential diagnosis includes osteomyelitis and 
metastatic tumor. Osteomyelitis produces the same 
symptoms but is usually associated with high and 
prolonged pyrexia. Metastatic disease may be ex- 
cluded on a clinical basis. 

Various treatments have been used. The authors 


obtained very good results in § cases with non- 
hormonal, antiinflammatory drugs—phenylbutazone 


and oxyphenbutazone. They believe that a combina- 
tion of trauma, infection and venous stasis tends to 
produce this disease.—George L. Sackett, Jra M.D. 


Sarvati, Aucustin A. (Buenos Aires, Argen- 
tina). Artrografia en la displasia luxante de la 
cadera. (Arthrography in luxative dysplasia 
of the hip.) Rec. ortop. y traumatol. (Latino 
Americana), July, 1963, ð, 101—112. 


A series of 776 patients with congenital luxation of 
the hip was observed over a period of 27 years. In 
the first 14 years there were 400 patients seen before 
the use of arthrography. During the last 13 years 376 
have been studied by means of arthrography to aid 
in the evaluation and treatment of this condition. 

At first water soluble contrast agents in approxi- 
matelv 24 per cent concentration were used. Usually 
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3-4 ml. is sufficient. for this examination. During 
the past year air has been used in quantities of 5-10 
ml. and at present this is the contrast medium of 
choice. A thin needle is introduced anteriori y or from 
the anterial inferior direction. À solution of sterile 
saline in anesthetized infants or of 1 per cent novo- 
cain 1n older patients under local anesthesia may be 
used totest whethertheneedleis within the Joint space. 

Arthrography helps to bring out detail concerning 
the femoral head, the articular cartilage and the 
joint capsule. It has also proved very valuable in 
demonstrating when the reduction 1s adequate. The 
inferior capsule has been found to interfere with re- 
duction 1n the majority of cases presenting difficulty 
with reduction, An isthmus may be formed between 
the superior and inferior margins of the capsule. A 
narrow isthmus may interfere completely with reduc- 
tion. The teres ligament and interposition of fibro- 
cartilage also interfere with reduction. Osseous de- 
formity and occasionally hypertrophy of the trans- 
verse ligament of the acetabulum or excess of fibro- 
adipose tissue in the acetabular fossa may similarly 
create difficulties. 

Arthrography should be considered as a routine 
procedures in patients between 1 and 3 ห อ แห ร of age. 
It is not generally used in children under 1 year of 
age, with the exception of some unusual embryonic 
or teratologic cases. After 3 years of age the possibil- 
ity of reduction can be evaluated clearly by the usual 
clinical roentgenologic examination.--Charles M. 
Nice, T, M.D., PAD. 


BLAND, Jons H., Davis, PHitie H., LONDON, 
MARSHALL G., Van BUSKIRK, FREDERICK W. 
and Duarre, Crisropat G. Rheumatoid 
arthritis of cervical spine. 4.M.4. Areh. Int. 
Med., Dec. 1963, 772, 892-898. (From: 
Rheumatism Research Unit, Departments of 
Medicine, Surgerv, and Radiologv, Univer- 
sity of Vermont College of Medicine, Bur- 
lington, Vt.) 


— 


rheumatoid arthritis had roentgenologic evidence of 
cervical spine involvement. 

Ten roentgenologic criteria for rheumatoid arth- 
ritis of the cervical spine are listed: 1. atlanto-axial 
subluxation of 2.5 mm. or more; 2. multiple sub- 
luxations of C2-3, C34, C4-5 and C5-6; 3. narrow 


and (b) probable at C4-5 and Cs-6: 4. erosions of 
vertebrae, especially vertebral end plates; 6. small, 
pointed, eroded odontoid with loss of cortex; 6. 
platvbasia; 7. apophyseal joint erosion, blurred 
facets; 8. generalized osteoporosis of cervical spine; 
9. a difference of 5 mm. or more between the poste- 
nor arch of atlas and the spinous process of axis 
from flexion to extension; and 10. secondary osteo- 
sclerosis of atlanto-axial-occipital area. 
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Diagnosis of rheumatoid arthritis was made if the 
roentgenogram disclosed 3 or more of these criteria. 
The severity of the changes increased with the dura- 
tion of the disease. Those with advanced rheumatoid 
changes in the cervical spine showed definite changes 
in the hands and feet. Over two-thirds of the pa- 
tüents had positive latex fixation. tests; however, 
rheumatoid arthritis in the cervical spine also oc- 
curred in patients who did not have the rheumatoid 
factor as measured by the latex fixation test. Sub- 
cutaneous nodules were present in 38.3 per cent of 
the cases. 

The most common clinical manifestation of 
cervical spine involvement was severe and persistent 
pain. In extensive high cervical involvement the 
pain was referred to the occipital, temporal, and 


retroorbital areas.--Dazid Morse, M.D. 
]acoss, Puirir. Ankylosing spondylitis in 


children and adolescents. 4rch. Dis. Child- 
hood, Oc t, J 963, 35, 492—499. (From: Royal 
Orthopaedic Hospital, Birmingham, England.) 


The author describes the occurrence of ankylosing 
spondylitis in 3 patients from To to 1 5 years of age. 
Three phases of the disease are apparent: 1) the pre- 
spondylitis syndrome with repeated attacks of pain 
and stiffness; 2) the florid phase of continuous symp- 
toms and general illness; 3) a stage of declining 
activity and minor relapses. 

Childhood cases are usually in the first phase and a 
relative latent period of several years may elapse 
before the second phase is reached, when a more 

apid course may be seen. The early symptoms are 
varied and fleeting in nature and vary from a slight 
discomfort in the sacroiliac joint to moderate severe 
pain with actual limp. The clinical examination may 


joints and limitation of abduction of the hip joints. 

The author stresses the value of roentgenographic 
examination of the sacroiliac joints in early diag- 
nosis. The most useful sign in a young patient is the 
presence of periarticular sclerosis. Later there are 
large subcortical erosions causing a widening of the 
joint space and patchy, mottled amorphous peri- 
articular sclerosis. Fusion of the sacroiliac joints 
occurs late, as well as evidence of other joint in- 
volvement.— fames F. Martin, M.D. 


Dg Conti, Dircev. (Curitiba, Brasil.) Osteo- 
artritis septica de la cadera. (Septic osteo- 
arthritis of the hip.) Rev. ortop. y traumatol. 


Before the advent of antibiotics the mortality of 
septic arthritis was about 1 ๐ per cent. The use of 
antibiotics has decreased the mortality considerably 
but local complications frequently persist. The major- 
ity of the cases are caused by resistant strains of 
Staphylococcus aureus which reached the involved 
joint by hematogenous dissemination. 
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Since pyogenic osteomyelitis usually starts in the 
metaphysis and spreads upward into the epiphysis, 
the Joint is prevented by the physeal cartilaginous 
plate. A considerable portion of the metaphysis of 
the upper portion of the femur is within the articular 
capsule so that pyogenic arthritis is most common in 
the hip. In this series of 15 cases, 2 were bilateral. 

The acute phase is usually manifested by a clinical 
picture of septicemia. The involved Joint is swollen 
and the head of the femur may be displaced slightly 
laterally. Early treatment in the first 24 to 48 hours 
includes immobilization and aspiration or drainage. 
Delaying treatment leads to complications such as 
abscess formation, partial destruction of the head of 
the femur and various degrees of residual disability. 
Resection of sequestra and granulation tissue may be 
necessary. In this series of 1$ patients there were 11 
hips which eventually became ankylosed. 

In another series of 14 patients treatment was con- 
servative with traction, manipulation under anes- 
thesia, and antibiotics. Ankylosis occurred in 6 hips. 
Three of these patients had persistent foci of active 
infection after 14, 21 and $3 months.--Charles M. 
Nice, Tr., M.D., PAD. 


BOoHATIRCHUK, F. Use of x-rays in the detection 
of calcium in biological tissues at microlevel. 
Canad. M. A. J., Dec. 7, 1963, 60, 1171-1177. 
(From: Department of Anatomy, Faculty of 
Medicine, University of Ottawa, Ottawa, 
Ontario, Canada.) 


This article details methods of x-ray microscopy 
used in medico-biological research: 

1. X-ray projection microscopy, where the section 
is placed close to the target of the x-ray tube so there 
is direct magnification, 

2. Historadiography (or contact microradiogra- 
phy) where the section is placed in close contact with 
the film and the radiograph is then studied micro- 
scopicallv. 

Although historadiography shows the presence of 
calcium, to obtain localization in specific tissue 
stain historadiography is used. There is no morpho- 
logical differentiation between calcium carbonate and 
caleium phosphate by this method, 

There are reproductions of 10 historadiographs 
and 2 macroradiographs which show the findings tn 
osteomyelitis, Paget’s disease, oil granuloma, osteo- 
porosis and sarcoma as well as in growing rat bone. 

Serial historadiographs provide the most accurate 
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method of identifving calcium at the microlevel. The 
method can be further improved by the use of emul- 
sion of finer grain and thinner cuts of undecalcified 
tissues which at present are Tou thick.—Martha 
Mottram, M.D. 


BLOOD AND LYMPH System 


WHITAKER, WILLIAM. The clinical application 
of coronary arteriography. C/in. Radiol., 
Oct., 1963, 74, 397-401. (From: The General 
Infirmary at Leeds, England.) 


The author's purpose is to discuss the Indications 
for coronary arteriography. 

The best evidence for the diagnosis of coronary 
artery disease 1s provided by the history, and angina 
pectoris must be the clinical diagnosis in every pa- 
tient presenting a typical storv of chest pain. The 
mechanism producing the pain is myocardial anoxia 
and coronary artery disease 1s the commonest cause 
of this anoxia. It is in the group of patients with chest 
pain and negative electrocardiographic findings that 
coronary arteriography can provide valuable diag- 
nostic information. 

Coronary arteriography was performed by retro- 
grade aortography 1n 42 patients and was technically 
successful in 35. In this group there were 16 with a 
electrocardiogram at rest and after exercise, there 
were 4 in which a coronary block was shown. Of 3 
with normal electrocardiographic findings at rest and 
a positive exercise test, 2 had a coronary block. Three 
had inconclusive electrocardiograms, and in each a 
coronary block was demonstrated. Twelve of the 42 
patients had chest pain of obscure origin and of these 
only 1 had a coronary block, Six of these 12 had 
normal electrocardiograms, 4 were inconclusive and 2 
had abnormal tracings. 

Chest pain may arise from the involvement of 
sensitive structures in the mediastinum by various 
pathologic processes or may be referred from ab- 
dominal disease. Conditions such as ischemic heart 
disease, valvular heart disease, spontaneous pneumo- 
thorax, dissecting aneurysm of the aorta, cholecysti- 
tis, hiatus hernia, and other esophageal lesions may 
cause pain simulating that of angina pectoris. In 
these cases where surgery 1s contemplated coronary 
arteriography may be a helpful preliminary proce- 
dure.—Samuel G. Henderson, M.D. 





POSTPOLIO PARALYSIS 
WITH A FLAIL RIGHT SHOULDER 
AND ELBOW (CONTINUED) 


Mobilization of common flexor 
muscle mass arising from the 
medial epicondy le. 


Figure 5: Demonstration of median 
Herve 


Figure 6: Freeing of flexor muscle 
mass trom underlying attachment 
while median and ulnar nerves are 


protected. 


Figure re Osteotomvy of medial epi- 
condyle. The attached flexor muscle 
mass has been mobilized and reflected 
distally for photograph. 


Figure 8: Medial epicondvle with 
flexor muscle mass reattached 5em 
more proximally on the humerus by 


a wire suture. 
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FOR EVERY PHYSICIAN: A slide projector of con- 
venience and scope is a virtual necessity. For teaching, 
research or review the KODAK CAROUSEL Projector 
offers maximum convenience and efficiency. Revolu- 
tionary long-play slide trays hold 80 slides... a full 
show in a single tray. Each tray stores like a library 
book, changes like a hi-fi record. Full-range remote 
control with remote focus, remote forward and reverse. 
In other words. here is the last word in projectors, 


SURGERY: 


oteindler flexor plasty operation 
to restore ability to flex right elbow 








Figure 4: Thiek sub- 
cutaneous laver has 


Figure 3: l5em in- 


ไร [อ ท over medial 





been dissected away to 
show medial epico T 
dyle and the ulna 


nerve imme«diratels 


ispeci of right elbow. 


posterior lo |. 


For further details 
. .. TURN PAGE 


POSTPOLIO PARALYSIS WITH A FLAIL RIGHT SHOULDER AND ELBOW ส ฏ 7 ง 3 


น อ อ อ อ อ อ อ kira 5 BP 601 


PROBLEM: 


Postpolio paralysis with flail 
right shoulder and elbow 





Figures 1 and 2: Pre- 


operative anteroposterior 


Photographs: Front and 
side views of patient show- 
and lateral radiographs of ing inability to flex right 
the righi elbow. Elbow pas- elbow. 
sively flexed for the lateral 
radiograph. Note normal 


bony structure, 





Figures 9 and 10: 
Postoperative antero- 
posterior and lateral 
radiographs of the 
right elbow. Medial 
epreondy le Is seen 
lransplanted prox- 
imally and held by 


wire suture, 


Reprints available 
upon request. 

Write address below 

stating quantity desired. 





LOOK TO KODAK for medical x-ray film of highest quality—Kopak Royat BLUE, Kodak’s fastest 
medical x-ray film, and Kopak BLUE BRAND. 


LOOK TO KODAK for photographic film—color or black-and-white; also for Kodak color print 


materials. 


Order Kodak x-ray products from your Kodak x-ray dealer, Order Kodak photographic products 
from vour kodak photographic dealer. 


EASTMAN KODAK COMPANY, X-ray Sa/es Division, Rochester, N.Y. 14650 





[&-D]ARTERIAL CATHETERIZATION OUTFITS 


Connecting the gap between the surgeon’s hand and 
the patient’s heart are B-D Arterial Catheterization 
outfits; skillfully engineered and formed of the finest 
materials. Each contains a thin-wall arterial needle, 
a flexible guide, radiopaque tubing in small, medium, 
or large size, and a LUER-LOK adapter. 

Instrument and equipment development by CSI iH- 
lustrates a new concept in professional service, The 


resources and facilities of this special division of 
B-D are directed toward the constant improvement 
of instrumentation for the medical profession. Direct 
inquiries to CSI Division, Becton, Dickinson and 
Company, Rutherford, New Jersey. 


WIBECTON, DICKINSON AND COMPANY 


Lo 3 Rutherford, New Jersey 
IN CANADA: BECTON, DICKINSON & CO., CANADA, LTD., TORONTO 10, ONTARIO 


BD AND LUER-LOK ARE TRADEMARKS 97362 





the connecting link between hand and heart 





NOW AVAILABLE-») 


CONSOLIDATED 
INDICES 


VOLUME VI 


embracing 


The American Journal of 
Roentgenology, Radium Therapy 
and Nuclear Medicine 


Volumes 79-88 (1958-1962) 


Covers some 8,000 pages of original papers, 
editorials. biographical sketches, and ล ไว - 
stracts of both domestic and foreign jour- 
nals published in THE AMERICAN JOUR- 
NAL OF ROENTGENOLOGY, RADIUM 
THERAPY AND NUCLEAR MEDICINE 


for the years 1958-1962. 











Fills a very definite need and will be wel- 
comed by those who have occasion to con- 
sult the Journal during this five-year period. 
Increases the usefulness of your set of jour- 
nals a hundred-fold. 


A Limited Quantity 
Has Been Printed 


Order Your Copy 


NOW 
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301-327 East Lawrence Avenue 
Springheld - Illinois 

Send me the volumes 1 have checked below on 
ten days free inspection approval, [ will send a 
remittance within thirty days for the ones 1 decide 
to keep. (Purchasers outside U.S.A. should send 
eash with order.) 

Volume H (1938-1942), $10.00 

Volume IH (1943-1947), $22.50 

Volume IV. 61948-1952), $23.50 

Volume V (1953-1957), $25.00 

Volume VE (1958-1962), $23.50 

* Volume I (1903-1937) out of print. 
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For Medical Secretaries 
Medical Students, X-Ray 
Technicians, Residents in 
Radiology 
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More and more radiologists are turning to 
Doctor Etter's Glossary as a VALUABLE 
TRAINING TOOL in teaching the termi- 
nology of the specialty. It is concise, cam- 
pact, alphabetically arranged , , , 


๑ Contains some 5,000 words and phrases 
commonly used in radiology 


๑ A 


how descriptive phrases are formulated 


section on terminology indicates 


With this book at her fingertips the medi- 
cal secretary. will be an efficient member of 
your medical team. The X-Ray technician 
will find a large number of technical terms 
defined. OF great importance to the resi 
dent in radiology is the section. on. "Writ- 


Hy 
LEWIS E. ETTER, B.S.. M.D., F.A.C.R. 
Professor of Radiology and 
Chief of Radiological Service 
Western Psychiatric Institute and Falk 
Clinic School of Medicine, University 
of Pittsburgh 


Useful illustrations include อ reproduction 
of the adult human with both 
skeletal and external aspects indicated and 


skeleton 


an X-Ray surgical appliance chart, 


Pu h lished ? On 224 pages 


Qa; Y F SF M 
$8.50 2 illustratians 


CHARLES C THOMAS * PUBLISHER 
301-327 East Lawrence Avenue 
Springfield * Ilinois 


96 YEARS. แน ไน น น แพ รส 
USED X-RAY FILM 


® We purchase all makes and sizes irom any point in the 
nation, and pay the freight cost. 


€ We remit in advance if desired, or promptly after receipt 
and tally of the value. 


® Write for prices today. We will send shipping labels, and 
direct your film to our nearest piant. 


DONALD McELROY, | 


53 W. Jackson Blvd., Chicago 4, lll. 





ways better at | 
watching over you... 


Picker Gardray 
Radiation Badges 






no loading or unloading 


wide intensity range 
Wear badge as received, return it intact, 


as low as 1 millirem for x-rays and as high 


as 1000 rem for gamma radiation ห 2 : 
prompt reporting You can starr enjoying this 


Dependable. Easy-to-read, too, protection "ny time. Right 
now, if you wish, by calling 


Reports x, beta, and gamma radiation . " ; 
p eta, and ga radiati 7 compact, lightweight any local Picker office (see 


wide energy range 


separately. 
your 'phone book) or write 


5 “control” safeguard to Picker Gardray Service, 


See size above: less than 1 oz. 


Separate control badge warns of attractive, unobtrusive Box 117, Burlington, Mass. 
i Clips on firmly, won't catch clothing, 


double-sure identification durable ker 
x-ray 


1 code printed on wrapper Secure snap-locks, won't come undene, 
2 x-rayed on film won't break. 


accidental fogging. 


hu 





'EATMENT OF “X-RAY DRY SKIN” 


balanced water-in-oil emulsion 


renyerates physiologic POLYSORB HYDRATE 


and restores normal skin lipids | 
! Use of Polysorb Hydrate can offset many of 


the minor and superficial effects of exposure 
of the human skin to irradiation. Applied 
immediately after exposure and followed by 
instructions for liberal and frequent applica- 
tion, Polysorb Hydrate helps rehydrate the 
keratin layer and entire stratum corneum... 
normalize water exchange . . . restore skin 
lipids . . . minimize skin irritation, redness, 
and roughness... prevent or lessen incidence 

x CS of scaling subsequent to high dosage levels or 
repeated therapy. : 
Polysorb Hydrate is bland, soothing, non- 
sensitizing, nonirritating. It contains nothing 
to induce sensitivity or allergic reactions. 


POLYSORB HYDRATE Hydro Dispersant Emollient con- 
sisting of sorbitan sesquioleate in special wax and pet- 
rolatum base. Supplied in 50 gm. tubes and 425 gm. jars. 


- FOUGERA 2 E. FoUGERA & COMPANY, INC. 


Hicksville, Long Island, New York 
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HANLEY ECONOMY 14x17 X-RAY CABINET 


SPECIAL DESIGN SLIDING DOORS An Authorized Binding 
QUALITY AT LOW PRICES for 
We Build SN Cabinets THE AMERICAN JOURNAL OF 
4 ROENTGENOLOGY 
APPROVAL GUARANTEED-—F.Q.B. RADIUM THERAPY AND 
HANLEY MEDICAL EQUIPMENT CO. NUCLEAR MEDICINE 
3614 South Grand X-ray Division St. Louis Hf. Mo. zu 





Arrangements have been made for subscribers to 
have their journals bound into distinctively de- 
signed books. 


Six issues, January through June or J uly through 





In reply to advertisers please mention December, bound in best grade garnet washable 
1 pr ง A S buckram imprinted with your name on cover, cost 
+ n ภา arto E pe 2 a เก ร F 4 £ u ska AIO 
that you saw their advertisement in THE bul $5.15 per volume. 
AMERICAN IOURNAL OF HOENTGEN. Bound journals serve as an immediate reference 
E | | for information and research. They conserve space 
OLOGY, RADIUM THERAPY AND NU- and permanently preserve the important communi- 
CLEAR MEDICINE cations from becoming mislaid or lost. Most im- 


portant of all, they save time! 

Ship journals parcel post. Within forty-five days 

after receipt, bound volumes will be shipped pre- 
" paid anywhere in the U.S.A. Full remittance must 

accompany order. 


PUBLISHERS’ AUTHORIZED 


CHARLES C THOMAS + PUBLISHER BINDERY SERVICE 
Springfield - Illinois (Binders of all Journals) 


430 W. Erie St, Chicago, Illinois 60610 








Mmana ata v ant แน น น น EI 





A valuable adjunct โท pre- 
paring for Registry 
Examination... 


Buy now! 


Kk kkk kkk kkk ok KK 


Finest Quality 





Lower Cost 
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Based on many years of successful teach- 
ing experience, this guide consists of self- 
testing questions on every phase of x-ray 
technology .. . ethics, nursing procedures, 
contrast media, terminology, prefixes and 
suffixes, anatomy and physiology, dark- 
room, radiographic quality, physics, radio- 
active substances, radiation protection, 
routine radiography, special procedures, 
and positioning. 
For answers the student may refer to his 
classroom lectures and 10 an excellent list 
of textbooks and handbeoks contained in 
the study guide. SPECIAL FEATURE: 
Printed answers are included in the back 
of the book——perforated for easy removal 
at the diseretion of the instructor. 
By 
S | um 
" * " 
Chief Instructor 
X-Ray School of Technology 
Macon Hospital 
ii * 
Macon, Georgia 





EASY EXPANSION FOR. 

MEDICAL FILES E 
xt NO BOLTS OR NUTS 
xL SELF-INTERLOCKING 


The student who has completed this 
course. of study will be well prepared for 
his Registry Examination. The book will 





be equally useful to instructors who wish RECORD FILES INC. Dept. M-I 
P. Q. Box 581, Wooster, Ohio 


Gentlemen: Please send complete information on 
RFI Medical Files. 


to check. their students’ progress, to be- 
ginning teachers who are looking for 
guidance in organizing their subject ma- 
terial, and to graduate technicians whe 
may desire a refresher course from time Hospital 2 E 71 ็ 2 
to time. RAdárBeu TT 3 
October 1963 168 pages 
$5.50 


CHARLES C THOMAS « PUBLISHER 


801.327 East Lawrence Avenue 


TR On.. State.. 





i i 
i i 
i i 
| i 
i i 
Kame 1 1 จ ฒ จ 703 ฝ ; 
i i 
i i 
i i 
l t 
i i 
i i 


Springheld @ Illinois 


RECORD FILES INC. WOOSTER, OHIO 





ly 





lvi 


INDEX TO ADVERTISERS 


Ames Atomium, Inc. 1. 1. 2....1.1.2.. 80 ั ส RUIN Su dk datae o EDI 


Atome bnerey of Canada DNE orea eiaa PETIT o0 XXD 


+ 


Automatic Seriograph Corp. (Division of Litton Indüstries; TA) o2 4v ots ahd kph CEM 


Barnes-Hind Barium Products ............... "811 ็ 0 Vi, XXXvH 
Becton, Dickinson and Company ....... eee sss อ น tag - 1 li 
เอ ANG: cc 2 0 877111 ห +4 ง 311 lviti 


Cenco X-Ray Corporation .............. E - ฝน น ๐ 
Continental X-Ray Corporation ................. - ็ ฮ ฤ ภ ก ร ร 8 


du Pont, E. 1 de Nemours Co. ............ ด ั ล ล เด่ อา อ น ม ค น ย er Si et SE ET 


Eastman Kodak Company .......... occ ce cece LL, sivi xvin. xlix, 1 
E-Z-Em Company ........ ue ่ 9 - 5 ั ส (1 - 1 


Fougera, E. & Company, Inc. aucas. 0131 ั 0 ึ ึ ฬ ๐ 0 
General Electric Company .................. Tc e - 0 IX, X, XI, XH, XXxiX 


Halsey X-Ray Products ......00.0000000 ca - dL RG pM aoe 0 EUK xlv 
Hanley Medical Equipment Company ................ - 190 - 3050 ๐0 liv 


v: 
Ilford, Ine XXVH 
Ach + p L, ta he จ RÀ 9*9 อ แง to9 BOR à wv » 2 7 4 ^ 4 จ * |! ve £5 À 4 à 9 bo à & 6 €* 4 s * ox , TO £408 3$ 0* 4 9 Ct 3 ม อ แจ o» à & ^ $ จ 4 & ee ๑ %* “ - " 


Lafayette Pharmacal, Ine. .......... - 0 อะ HiME te RE อ น ม ง Vill 
Leedal, Inc. ........ - 1110 COL 0 wer 
เจ เอ ซา TT TREE X] 


Machlett Laboratories ............ SORTERES rcr lvii 
McElroy, Donald, Inc. ........ —€——— eee —€—— น อ อ ล อ อ ล ล อ ง แอ ก ว้ "EU 


Nuclear-Chicago Corporation issi 000. ct, sae XXXIV, XXXV 


Pako Corporation 24S ids Smet E i “ 33 — xli 
Philips, North American, Co. (Medical Division) ......... อ อ อ ติ ติ ว Pr RIV, XY 
Philips, N. V. Gloeilampenfabrieken ............L TU P 
ล เจ เล ล อ ก ก "7: ' ์ weber chek vit, xlvi, liii, Fourth cover 
TG a, M xn xU i 
Publishers’ Authorized Bindery ............... - 5+0 ฝ 0 ps liv 


Xecord Files, Ing ] 
Record Files; Tes wis. 3: re n ER PEG ฝ ็ 7 ล 7.+11!!. 0 1 ็ 0 


Schiek X-Ray Company ด iei 0 PU “0 xvi 
Siemens Medical of America, Ine... i eee sess TT MODE Third cover 
aquiBbz Eoo Ras ONS 2 dr Ce S EU CR 0 จ i 
standard X-Ray Company soe ' tiie 8 (0 xxiv 


Technical Measurement Corporation ......, vr 71 ke eee 
Thomas, Charles C, Publisher ......... 1 ฝ ฝ ็ ส NEORE TEE - ไน 0 


XT BS a " เลียง ว ขา M tea! ia s oar : e 
Varian Associates e cere ees 8 แ ฝ ็ ็ ็ ื ฝ ื โ ง ง ง ย ๐ 0 ๐ 


Westinghouse Electric Corporation ........... TTE Esse วิ ก ก 4711: 
Winthrop Laboratories «cs deese cw Te - 11 XXV 
Wof No Ray Products: ecco 1 ็ 1 ็ 1111++ ื 091 ื 


We try to present an accurate index. Occasionally this may not 
be possible because of a last-minute change or an omission. 


| THE VALVE TUBE เร OBSOLETE | 





The silicon rectifier developed by Machlett replaces it. 


Here's why... Longer Life: The ML-SRX silicon rectifier car- 
tridge will have an operating life equivalent to that of the 
x-ray equipment in which it is used. 


Improved Efficiency: The ML-SRX silicon rectifier operates 
with negligible voltage drop . . . lower than any other recti- 
fying device and as much as 1/50 that of other solid- 
state rectifiers . . . allows all of the transformer voltage to 
be delivered to the x-ray tube. 


Simplicity: One small ML-SRX 150 cartridge (10'4" length 
x 34" diam.)in eachleg ofa ‘‘four-valve” bridge willprovidea 
full-wave rectified current up to 1000 MA at 150 PKV. The 
ML-SRX requires no filament transformer or filament 
control circuit and produces virtually no heat. 


ML-SRX Silicon Rectifiers Now Available: The ML-SRX is now 
incorporated in new units available from leading x-ray 
equipment manufacturers. The ML-SRX Series is also 
available for replacement of valve tubes in existing equip- 
ment. For information write The Machlett Laboratories, 
inc., Springdale, Conn. An affilate of Raytheon Company. 


ML-SRX SERIES 
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ML-SRX 150 
ML-SRX 125 
ML-SRX 100 
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NEO-CHOLEX 
POWDER 


TASTES S0 DARN 


GOOD, | ALWAYS 
JOIN MY PATIENTS! 





Yes, that’s what they’re 
saying about NEO-CHOLEX 
POWDER, the new improved 
dry-state, oral fatty meal 
which provides vigorous 

and prompt cholecystokinetic 
response in 15 minutes! 


It is COMPLETELY STABLE, 


permitting prolonged storage. 
There are no more problems 


of separation or freezing. 





DIRECTIONS 
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EASY TO USE—JUST ADD WATER AND SHAKE 


BELL-CRAIG, INC. 270 LAFAYETTE ST., NEW YORK 12, N. Y. 
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Westinghouse presents ALLVIEW...a quality compact telefluoroscopic system 


Westinghouse ALLVIEW presents a versatile, flexible, 
smooth operating system of total telefluoroscopy. A 
complete fluoroscopic examination can be conducted 
either at table-side or at the position of the remote con- 
trol center. Seated comfortably at the control center, 
the operator is unencumbered by lead protective apron 
and gloves—yet can easily but quickly move to table- 
side when the need arises. The patient is more at ease 
and cooperative in the lighted room. m These perform- 
ance-proved Westinghouse components make up the 
system: CAPRI, a fully enclosed Radiographic-Fluoro- 
scopic table with new moving table top. The quiet motor 
driven table has a safety ceiling limiter feature. TELE- 
CON, a direct coupled high gain image intensifier with 
a high quality vidicon camera permits fluoroscopy in 
a lighted room using low radiation. TELECON is easily 
removed, for general fluoroscopy or routine radiog 


D 


raphy. ALLVIEW SPOT-FILM device, an all-new unit, 
permits excellent spot-film radiography at table-side or 
trom the remote control center. TELEFLUOROSCOPIC 
control center facilitates mechanical operation of all 
flucroscopic motions including compression. Complete 
fluoroscopic examinations are easily performed with 
the comfort of visual and voice contact. CATALINA 300 
MA Generator. The ideal power source to control the 
ALLVIEW system. MONITORS are available in six sizes. 
High resolution performance produces pictures of 
extreme sharpness and clarity. 
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y. Engineered and de- 
signed for long, harc use. VIDEO TAPE RECORDERS 
(optional). A compact unit that lets you record and 
review at will. เพ This is ALLVIEW. Designed for your 
bucget with a realistic price that is appealing to admin- 
istration. For specifications, write Westinghouse Electric 
Corporation, 2519 Wilkens Ave., Baltimore, Md. 21203. 


You can be sure if it's Westinghouse 





In Gevaert's modern laboratories all ingredients, from raw materials to 
finished film, are carefully, constantly tested. And every step in manu- 
facture must meet the most exacting quality-contro! standards. This, plus 
constant research and development, is why Gevaert today brings you as 
fine and fast a film as dedicated technicians can produce. No doubt about 
it: Gevaert film will enlighten your view box with radiographs of gratifying 


brilliance and clarity. Seeing is believing. 


GEVAERT 


X-RAY FILM 





Exclusive Distributors 


LOW X-RAY CORPORATION 
161 Sixth Avenue, New York 13, N. Y. 


Other Offices: 


GENERAL INFORMATION 


Manuscripts offered for publication and other correspondence relating to the editorial management and 
books for review should be sent to Dr. Traian Leucutia, Editor, 1 1o Professional Building, Detroit 1, Michi- 
gan. Contributions may be sent in foreign languages and will be translated if found acceptable. Original 
articles are published with the understanding that they are contributed exclusively to THE AMERICAN JOUR- 
NAL OF ROENTGENOLOGY, RADIUM THERAPY AND NUCLEAR MEDICINE, 

A certain number of illustrations will be supplied free of cost; but special arrangements must be made with 
the Editor and Publisher for excess illustrations and elaborate tables. 

Fifty reprints are furnished without charge to authors. Add:tional reprints may be purchased according to a 
scale of prices that accompanies galley proofs. As soon as each issue is printed, the type is destroyed except for 
reprint orders in hand. Reprint orders must be returned with corrected galley proof to the Editorial Office if 
additional reprints are desired. 

Correspondence regarding subscriptions, advertisements, and other business relating to Tug AMERICAN 
JOURNAL or ROENTGENOLOGY, RADIUM THERAPY AND NUCLEAR MEDICINE should be addressed to Charles C 
Thomas, Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois. (All requests to be submitted in 
writing.) 





Manuscripts should be typewritten, with double spacing, and good margins (not on thin paper) and the 
original should be sent to the Editor. The author should keep a carbon copy, as the original is not returned. 
The name of the author should appear on each sheet of manuscript. Tabular materials should be typed on 
separate sheets; likewise bibliographical lists, footnotes, etc. 

Drawings and charts for reproduction should be made in black (zever in blue). Photographic prints of plates 
or slides on glossy paper produce the best half-tones. 

All photographs and drawings intended for illustrations should be numbered, the top plainly indicated, and 
an abbreviated title of the paper placed on the back of each one. 

Legends for illustrations should be typewritten in a single list, double spaced, with numbers corresponding 
to those on the photographs and drawings, instead of attaching each legend to its corresponding figure. 

Care in preparation of bibliographies will save much time and correspondence. Each reference in a bibliog- 
raphy should include the following information in the order indicated: Name of the author with initials; title 
of the article; name of the periodical; year, volume and pages. It is requested that the authors use the follow- 
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The author should always place his full address somewhere on his manuscript. This is very important and is 
often omitted. 
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“The drug of choice’ 
for excretion urography 


Good to excellent films are pro- 
duced consistently by Renografin 
(Squibb Methylglucamine Diatrizo- 
ate), as these clinical reports show: 
97%% "good to excellent quality'?... 
92.2% "usable examinations 9... 
96% diagnostic films obtained’... 
89.6% "satisfactory visualization. 9 


it is one of "the most satisfactory 
media available for excretory urog- 
raphy when the factors both of 
patient tolerance and radiographic 
quality are considered." 5 


RENOGRAFIN 


SQUIBB METHYLGLUCAMINE DIATRIZOATE INJECTION U.S. P. 


Dosage and Administration for Excretion Urography: 
Renografin-76 (methylglucamine diatrizoate)—20 cc., LV. 
(adults), and 4-16 cc., LV. or LM., (children). Renografin- 
60 (methyiglucamine diatrizoate)-25 cc., I.V., (adults), 
and 5-20 cc., LV. or LM., (children). NOTE: Give LV. 
injection slowly. 


Supply: Renografin-76 (Methylglucamine Diatrizoate In- 
jection U.S.P.) providing 76°% methylglucamine diatri- 
zoate—20 cc. ampuls and vials. Renografin-60 
(Methylglucamine Díatrizoate Injection U.S.P.) providing 
60% methlyglucamine diatrizoate—25 cc. ampuls and 
vials; 100 cc. bottles. All ampul packages contain 1 cc. 
ampuls (all vials contain sufficient excess) for testing. 


Side effects: Flushing, nausea, and vomiting; transient 
pain on injection. Precautions: iV. test dose may be 
given. Stop examination upon evidence of allergy. in 
rare instances, anaphylactoid reactions may occur. Use 

with caution in severely debilitated patients and in cya- 


notic infants, patients with chronic pulmonary emphy- 
sema, advanced arteriosclerosis, severe hypertension, 
cardiac decompensation, and recent cerebral embolism 
or thrombosis. 


For ful} information, see your Squibb Product Reference 
or Product Brief. 


References: 1. Lentino, W., et al.: J.A.M.A. 761:606 (June 16) 
1956. 2. Orr, L. M., et al.: J.A.M.A. 769:1156 (Mar. 14) 1959. 
3. Mathews, P. W., Jr.: South. M. J. 52:170 (Feb.) 1959. 4. Utz, 
D. C., and Thompson, G. J.: Proc. Staff Meet. Mayo Clin. 
33:75 (Feb. 19) 1958. 5. Tatelman, M., and Pakusch, R. S: 
Radiology 70:238 (Feb.) 1958. 
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New one-factor selection 
frees technician to 


B concentrate on pa ient - 


kV is the only factor your technician is 
required to select. Once that is done, she 
presses the exposure button and the auto- 
matic system does the rest. 

Proper density is guaranteed by the 
Amplimat, the automatic ionization-type 
exposure control which measures the aver- 
age X-ray quantum acting on the film over 


several selectable areas. To ensure positive 
positioning, the lightbeam indicator projects 
the location of the measuring areas on the 
patient, Just as in the case of the modern 
camera, automatic exposure with Amplimat 
pays off in consistent production of opti- 
mum radiographs. 

Predictable contrast is guaranteed by 





Only Norelco offers this niim, 
which provides flawless 
radiographs automatically 





MANUFACTURED FOR NORELCO BY PHILIPS MULLER 


automatic line correction and by the essen- of the high load characteristic and small 
tially constant voltage output characteristic focal spot sizes of the Super Rotalix tube. 
of a 3-phase generator. Our systems engineers are available, at 

Sharpness is increased by the ‘continu- your convenience, to discuss this system. 
ously falling tube-load principle’, which per- North American Philips Company, Inc., 
mits shortest possible exposure time with Medical Division, 100 East 42nd Street, 


maximum available tube loading. Optimum New York, New York 10017. In the Chicago fe R 
sharpness is assured when taking advantage area: 749 Howard Street, Evanston, Ilinois. 0”000 
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LIQUAMAT. 


Chemicals 





for automatic 
X-ray film 
processors 





now come in 
color-coded 

square plastic bottles 
for easier handling 
and storage and... 





. greater convenience. And that's not all! 








Handy new color-coded one-gallon plastic con- 
tainers let you choose the chemical you wish 
at a glance, help prevent errors even when 
you're rushed. (Developer—red; Fixer—blue.) 


Containers have square sides . . . making them 
far easier to store and handle. And they're real 
lightweights, too. So convenient, you'll be glad 
we've designed them to be reusable! 




















gal. 
working 


solution 





















There are fewer separate Liquamat chemicals 
than in any similar "package" on the market. 
And they come in gallon bottles, so you can 
work with five gallon "multiples" of solution. 


Liquamat solutions have unusually long life . . 
to process 60,000 or more films, or give you 
five to six months active service (with the recom- 
mended use of Liquamat replenishers). 









Add up the features and look at the benefits 
you get: Greater convenience; cleaner working; 
longer life; improved radiographic quality. All 
important reasons why it will pay you to start 
using Ansco Liquamat chemicals in your auto- 
matic processor. Call your GAF-Ansco Tech- 
nical Representative , . , and start today! 














Ansco 


RAY PRODUCTS 


GENERAL ANILINE & FILM CORPORATION 
BINGHAMTON, NEW YORK 





And Liquamat chemicals are the cleanest you 
can use... free from oxidation and sludging. 
They virtually eliminate all processing artifacts, 
staining, and minimize roller build-up. 













Printed in U.S.A. 


CLYSODRAST°FOR EFFECTIVE CLEANSING OF THE COLON 


"LYSODRAST used as an enema is an effective means of cleansing 

and preparing the colon for radiologic examination. 

The effective agent in CLYSODRAST is a nonirritant which stimulates the musculature 
to contract. The Tannic Acid in CLYSODRAST has a favorable influence on the 
deposition of Barium Sulfate on the mucosa and aids in preparation of the colon. 


CLYSODRAST: each individual dosage pack contains 1.5 mg. of 4,4’-(DIACETOXYDIPHENYL)-(PYRIDYL-2)- 
METHANE AND 2.5 Gms. of TANNIC ACID N.F., in a readily soluble form. 


Caution: Cramping, weakness, nausea and fainting occur more often with this product than with 
less effective enemas. It should be employed with care where colitis is known to exist. 

Warning: Use with great care in patients where old age, debility, 

cardiovascular or other diseases are present. 


BARNES-HIND BARIUM PRODUCTS 
DIVISION OF BARNES-HIND PHARMACEUTICALS, INC. 


Sunnyvale, California 
BTA Ote COPYRIGHT 1564 











the clinical situation demands 
conclusive, differential diagnosi 


consider these contrast media 


Hytrast® (iopydone, iopydol) 

thiodol® (ethiodized oil) 

ipiodol® 28% (iodized oil) 

ipiodol® 40% (iodized oil) 
Ascendant Lipiodol® (floating iodized oil 
Visciodol® (Lipiodol-sulfanilamide) 


...and procedural aids 


Colo-Bar® (ready-to-eat cholagogue) 
Hydrate (for radiation dry skin 


CONTRAST MEDHA mmm DEVELOPMENTS OF GUENBET LABORATORIES 


ณะ E FOUGERA & COMPANY. INC. HICKSVILLE, L I., NEW YORK 











advances 
youll find in new PICKER 


Dix tol TI C film processor 


with VIBRAFEED — 













b minutes 


NO DAILY CLEANING 
(total wetting precludes | 
"crossover crusting”) 


115 FILMS PER HOUR 


(average assortment) 


PUMPLESS 
REPLENISHMENT 


(positive-metered 


HANDLES INCOMING 
WATER UP TO 80° 


without need for cooler Venturi flow) 





WORKS T INTERCHANGEABLE ` 


n eir lips Lk Rin m IN BRIGHT LIGHT RACK UNITS 

' x 30" in the lightroom side EXER 

19" above-floor extension into [nesas de ony : į (easily Whee from 3 
darkroom for thru-the-wall Autoloader during loading) | waist-high cabinet) - 





PIXAMATIC is chockfull of new ideas in film processing equipment: 
let your Picker representative fill you in on the full story or write 





APROFEXRAY ง 
=’ BREAKTHROUGH 
LEADING TO 
ELIMINATION OF 
THE FLUOROSCOPIC 
SCREEN 


Yes, here is a practical solution to 
replacement of the fluoroscopic 
screen with an Image Intensifier. 
Consider these major advances in 
design and engineering... 


ds Brightness has been increased 
3,000 to 5,000 times over the fluoro- 
scopic screen and by 2,000 to 3.000 
per cent over early image intensi- 
fiers! The result is dramatic. It has 
to be seen to be believed. Brightness 
of Profexray's PIP-6 Image Intensi- 
fier is actually comparable to direct 
viewing of film. And an impressive 
new concept in optical engineering 
produces an image size that appears 
to be actual size. 


2. Comfortable Viewing and Easv 
Maneuverability — both resulting 
from design which makes Prof- 
exray's PIP-6 Image Intensifier an 
integral part of the table (com- 
pletely counterbalanced and perma- 
nently attached to the spot device) .* 
Now a patient may be fluoroscoped 
with an intensifier without need for 
cumbersome overhead suspension: 
And, due to the PIP-6’s relatively 
small bulk and weight, vou may 
examine a patient in comfort. with 
ample room for manipulation. Both 
spot device and Image Intensifier 
may be moved (in any direction) 
with less than 3 pounds of effort. 
And the “PIP-6”-plus-spot device 
parks free and clear for over-table 
radiography. 

Best of all, the entire unit pic- 
tured in various positions on these 
pages (including table, spot device 
and PIP-6 Image Intensifier) can 
be purchased for what some fluoro- 
scopic intensifiers alone cost today. 

But, as we said before, all this has 
to be seen to be fully believed. We'll 
be happy to arrange a demonstra- 
tion of the Profexray PIP-6— right 
in your own x-ray room. Just write 
us, and we'l contact you for an 
appointment. 
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1401 North First Avenue 
Maywood, Illinois 
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Halsey 
Safelights 


14 different models 


to choose from... 


i 


NS 







COMBOLITE DELUXE 


Stainless steel — only 314” deep 
Compact combination of 8 x 10" safelight and 4 x 10" 
wet-film viewer — with built-in safeguard to prevent 


accidental lighting of viewer section, No. 275-SL-S 
COMBOLITE 

same as above, but fabricated of cold-rolled steel with 

baked-on Silvergray finish. No. 275-SL 


No. 275-SL-S MONOLITE DELUXE 


Stainless steel — only 314” deep 
Extra-thin 8 x 10" safelight... valuable in tight quarters; 
can be mounted over the developing tank, yet will not be 


in the way of film hangers. No. 272-SL-S 
MONOLITE 
same as above, but with steel housing finished in 
baked-on Silvergray. No. 272-SL 
MONOLITE JR. 
ÀA 5 x 7" version of the Monolite. No. 279-SL 





NÉ ADJUSTABLE SAFELIGHT 


Tilts to any desired angle to 
throw light right where it is 
needed, 


No. 274-SL ANGL-LITE 


An economical angulated 
safelight designed to provide 
a good spread of light over 
the bench or tank. 

No. 276-SL 
Also: other combination safelight-viewer 
models; circular safelights; and 10 x 12" wall 
and ceiling hung models. 





Through your dealer 
Write for detailed literature 


HALSEY X-RAY PRODUCTS, ; 
1425-37th Street, Brooklyn 18, N. Y. 


CHICAGO: 7321 Monticello Ave., Skokie. Illinois 








coming events will cast their shadows 


The need for gallbladder surgery, for example. Better contrast visualization, of course means 
more precise diagnosis — the reason why well-tolerated Telepaque (brand of iopanoic acid) 
has so firmly established itself in oral cholecystography and cholangiography. Telepaque not 
only provides gallbladder shadows with better contrast, and improved visualization of the 
ducts, but it does so without disturbing gallbladder physiology. Convenient and economical, too. 








Side effects, which are usually mild, include nausea, vomiting, diarrhea, dysuria. Contraindica- 


tions are acute nephritis and uremia, and gastrointestinal disorders which prevent absorption 
of the medium. 





Usual Dosage: 3 Gm. (6 tablets) at night after a light supper. Tablets of 500 mg., envelopes of 
6 tablets, boxes of 5 and 25 envelopes; and bottles of 500. 


® 
well-tolerated medium with distinctly better contrast Tel e Dati น 0 


ans ot lOpanoic acid 
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Added insight to help speed surgical recovery... 
fast, accurate blood volume measurements 


In 15 minutes, VOLEMETRON measures blood volume accurately to within 100 ml for an 
adult, 20 ml for a child. VOLEMETRON can provide this potentially lifesaving information 
at the bedside preoperatively to establish a baseline for replacement therapy...in the 
operating room to monitor blood loss...in the recovery room to detect concealed hemor- 
rhage and avoid undertransfusion, overtransfusion (or unnecessary transfusion). Accu- 
rate blood volume information, with hematocrit data, also aids in diagnosis and manage- 
ment. For example, conditions characterized by variations in red cell volume, plasma 
volume, total blood volume,.and fluid translocation and loss can be more closely con- 
trolled with precision measurements. VOLEMETRON is attested by over 30 clinical papers. 
This versatile, uniquely-warranteed instrument is also used 
for other diagnostic applications such as the T-3 and Schil- 
ling Tests. For further information and literature, or to ar- 
range a demonstration of VOLEMETRON in your hospital, 
contact Ames Atomium, Inc., 575 Middlesex Turnpike, 
Billerica, Massachusetts 01865. 13.36 


VOLEMETRON 


Original Automatic Electronic Blood Volume Computer 





© 
AMES ATOMIUM, IMG. 


Billerica, Massachusetts 
affiliated with Ames Company, Inc. 


What new film base speaks 
for itself? 












Snap a sheet of CRONAR* 
film. Notice the crisp, dis- 
tinctive sound. This is a com- 
pletely new material as differ- 
ent from ordinary acetate as 
acetate was from glass plates. 
For CRONAR is radically dif- 
ferent. 


This film goes up on the 
viewbox with a decisive snap, 
and the crisp material is vir- 
tually untearable. These han- 
dling qualities are clearly par- 
alleled in the sharper, brighter 
image you read. 


The base lets more light 
through, because it's a thinner 
base; it brings front and back 
emulsion layers closer to- 
gether to reduce parallax, to 
give you sharper images. 


See Du Pont Show, New York World's Fair, '64-'65 


CRONAR is chemically in- 
ert and free of radioactive 
contamination — significantly 
reducing the incidence of 
bothersome black spots. 


CRONAR is almost impervi- 
ous to water and processing 
solutions, too. So it won't go 
limp in automatic processing 
machines. Result: CRONAR 
film transports better. Three 
major hospitals where proces- 
sors jammed several times a 
week switched to CRONAR— 
and haven't had a film jam in 
a year and a half. 


Ask your Du Pont Technical 
Representative to show you 
the new look in Du Pont films 
for radiology — CRONAR - the 
look you can hear. 


CRONAR. 
polyester 
film base 


*Du Pont's registered trademark 
for its polyester film base 


PHOTO PRODUCTS DEPARTMENT 


AG. Vv. 5. pat, OFF. 


BETTER THINGS FOR BETTER LIVING 
. . . THROUGH CHEMISTRY 
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among other things... 


dependahle local service 





No matter how good your scanner may 
be, it’s no good to you at all if it’s 

out of commission. Your busy 
schedule simply can’t tolerate the 
disruptions growing out of 

equipment “downtime”. 


Across the United States, there are 
over 400 Picker-employed servicemen 
working out of 112 Service Centers 
and backed up by over 40 service 
specialists. This service force is 
substantially larger than that of all 
other nuclear instrument 
manufacturers put together. 





` 









the versatile scanner / the proven scanner 


PICKER NUCLEAR 


DIVISION / PICKER X-RAY CORPORATION 
WHITE PLAINS, NEW YORK 


the ULTIMATE in table design! 


HEAVY DUTY 
RADIOGRAPHIC-FLUOROSCOPIC 


FOR THE PATIENT: 
the ultimate in comfort 


FOR THE RADIOLOGIST: the ultimate 


in efficiency and convenience...less 
work and less effort to do it! 























* See your “Standard” Dealer or 
write for Descriptive Literature, 














FUNCTIONAL CONVENIENCE: Maximum acces- 
sibi ity to the table. There's NO FRONT LEG, covered 
up or exposed, to keep the radiologist away from the 
table and spot film device. He can work comfortably 
right up against the inward slope of the table body 
(just 14 inches away from the center) without back- 
breaking bending and strain, resulting in more ease 
and much less effort. 


* Choice of manual, semi-automatic or fully auto- 
matic Spot Film Device. It is quickly, easily “parked” 
out of the way, leaving table top free and clear. Move- 
ment is smooth and light because of tne weight-saving 
counterbalance method. Low profile of tower and spot 
film device in "parked" position eliminates inter- 
ference with shock-proof radiographic cables. 


« Table operates on a single fulcrum. Tilts 90? vertical, 
anc full 15? Trandelenburg. Automatic horizontal stop 
is standard equipment. Provides coast-free tilting 
from foot switch on base or hand switch on spot device. 
A retractable step for patient's convenience is stand- 
arc. Features power driven moving table top (op- 
tional). 


๑ Magnetic locks for all movements of the fluoroscopic 
and spot film staging. Switch control at operator's 
fingertips or automatic operation by the spot device 
action. 


FUNCTIONAL EFFICIENCY: The manually operated 
multiple plane fluoroscopic collimator is the proven 
best method of coning in radiography. It is now adapted 
for fluoroscopy as standard equipment, at no extra 
cost. 


Ycu get the built-in protection of a fluoroscopic col- 
limator, completely enclosed body and automatic 
bucky slot cover at no extra cost. 


FUNCTIONAL BEAUTY: a truly handsome table 
with clean, simple lines that is all new from the 
ground up. No unnecessary gadgets or decoration to 
increase cost or decrease function. It is handsome ina 
dignified way. Smooth surfaces are easy to clean and 
keep clean. Smart two-tone colors: light sand-tone on 
the body to emphasize working area; dark hammer- 
tcne on base that continues to look good after years of 
cleaning, spillage or just plain abuse. This table is the 
finest exampe of Standard's more than 50 years of 
experience in the field! 
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Confidence 


Confidence ripens slowly, whether 

it’s a patient’s faith in the doctor or a 

physician’s trust in the instruments of his 

profession. Understandably, over the years Ilford X-ray Films 
have earned the complete confidence of radiologists everywhere. 
High speed that reduces risk of involuntary movement on the 
part of the subject and sharpens detail; gradation that 
unfailingly produces a wide range of opacities with correct 
contrast; fineness of grain and greater reproducibility . . . these 
qualities are products of exacting research and highest scientific 
standards respected the world over. For Ilford X-ray 

materials crafted in the finest British tradition, contact 


your regular source of supply. 


ILFORD RED SEAL STANDARD ILFEX X-RAY FILMS » CHEMICALS » INTENSIFYING SCREENS 


ILFORD INC. 


37 West 65th Street, New York, N.Y. 10023 
In Canada: W. E. Booth Co. Limited, 12 Mercer Street, Toronto 2B 
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Whats in a name? In the case of Philips, the name means many t 


to many people. To the average consumer, Philips means, simply: lig 
fine radios, outstanding household appliances..... almost everything 


| 
But to the world of medicine, Philips -- a world-embracing elect 
industry -- means much more: For Philips have served generation 
generation of radiologists. Always in the forefront in the developm: 
advanced equipment, Philips provide the radiologist with efficient 
-- Image intensifiers, X-ray television and cinematography, diagr 


dosimeters. From the most simple apparatus to the most con 
Philips equipment is time-tested, time-honored for dependability. 


DH | LI PS in the service of the medical \ 


เธ and โท ย ห ล อ บ X-ray tubes and X-ray accessories Dental ear 
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or further information please apply to the Philips organisation in your Country, Sold in LSA, by: North 


American Philips Company, ine, Medical & Dental Division, 100 East 42nd Street, New York 17, N.Y. 











The Model MHA N-OMAT Processor 


is really compact. It needs less than 
half the floor area covered by à hos- 
pital bed. 


Here are some of the benefits you'll 
have when the Kopak X-Owar 
Processing Svstem goes to work. 
Heritage. For more than 7 years, 
Kopak X-Owar Processors have 
been in action every day. At work 
throughout the world, in hospitals, 
chnics, and private radiological 
offices, they've processed more than 
500,000,000 radiographs. Todav's 
Model M4A N-Omar Processor is 
the product of that experience. 
Reliability. The \-Omar system 
is the combined result of Kodak 
film-making knowledge and com- 
petence, chemical research, engi- 
neering skill. Kopak NMN-OMAT 
Processors are made by people who 
know the importance of the product 
they are producing. There is Kodak 
dependability in every unit. 








hy you should havea 6 ง 
KODAK X-OMAT Processor, Model M4A 


Materials. Many materials make 
up the parts and components of a 
Kopak X-Owar Processor. Not one 
is there by chance; each one is there 
because it's the best one for its 
purpose that we know of. 


Service. At the Kodak X-Omat 
Center there is a group of specialists 
whose sole concern is with KODAK 
X-Omar Processors—-every model, 
everywhere. Kopak X-Owar Proc- 
essor specialists check periodically 
with all X-Omar Processor owners 
and dealers. 

The Kodak X-Omat Center also 
administers a Process Control Pro- 
gram designed to assure each user 
periodically that his X-Owar Proc- 
top quality. 

When an improvement is made, 
the word goes out to KODAK 
X-Omar dealers and users—with 
full details on how to put it to use. 


At the Kodak X-Omat Center 
there's a training school for dealers 


— how to install and service N-OMAT 
Processors. You can depend on these 


dealers for parts, and service "know- 
how." And, at the Kodak X-Omat 
Center, there's a school for techni- 
cians —how to operate and how to 
care for the equipment 





Except for the film-fceding station in 
the darkroom, the rest of the unit = 
about 35 inches in length is in a 


lighted arca. 


‘To get the best possible radiograph 
on the view box in the fastest time, 
vou need the Kopak X-Owar 
Processor, Model M4A. Further- 
more, the installation of additional 
M4A units near "special. pro- 
cedures” rooms or gastrointestinal 
suites can increase over-all depart- 
mental efficiency. 


To provide the same high-speed, 
dependable service for Emergency 
Surgery... Neurology... Ortho- 
pedics, additional M4A units are 
the answer, 

For information, consult your 
Kopak X-Owar Processor dealer, 
or write 
EASTMAN KODAK COMPANY 


X-Omat Center 
Rochester, N.Y. 14650 





Five Radiation Lab Functions 
You Can Perform Best 
with a 


GAMMASCOPE 





1. Using mixed tracers in absorption studies 


The 100-channel Gammascope will function as a dual-peak 
spectrometer, clearly displaying the energy peaks of both 
elements on the visual and printed spectrum. Both elements 
are counted automatically and simultaneously. 


2. Working with short-lived isotopes 


Half-lives of less than a day are problems for scanning de- 
vices, but the Gammascope, with fast automatic data ac- 
cumulation, can complete a spectrum analysis in far less 
time than it takes to materially affect the isotope's energy. 


3. Determining isotope purity 

Monitoring samples to determine their purity or to check the 
specifications of matched samples are other laboratory 
processes that can be completed quickly and accurately 
with the greater resolution, counting speed and readout effi- 
ciency of the Gammascope. 


4. Using several isotopes in succession 


itis a simole matter to recalibrate the Gammascope for each 
new element used. Simply set the adjustable visual window 
to intensify the primary energy peak. The window adjusts 
to any width (number of channels) and any location on the 
energy spectrum. 


5. Making diagnostic and experimental 
spectrum analyses 


In whole body counts, uptake studies and other biophysical 
radiation applications, the Gammascope will complete a 
spectrum analysis in a fraction of the time a scanning spec- 
trometer takes. All pulses are stored in the 100-channel 
magnetic core memory while the cathode-ray tube simul- 
taneously displays the build-up of the spectrum. To make a 
complete analysis you calibrate in one step, start the 
analysis and the automatic accumulation takes over. The 
completed count — determined by the pre-set live timer — 
can be printed out on the digital printer. 


The Gammascope pulse analysis system includes built-in 
linear amplifier, high voltage supply, visual display and ex- 
ternal printer — $5990 (export slightly higher). 


For complete data contact the nearest TMC office or Tech- 
nical Measurement Corporation, 41-3 Washington Avenue, 
North Haven, Connecticut. 
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THE NEW, IMPROVED BARNES-HIND PVEUMOCOLON® 


One simple procedure for complete barium-air contrast studies... 
minimizing the possibility of contamination. 

Controlled barium flow is maintained through Pneumocolon's 

positive pressure. 

Leakproof stability is assured by new cap and gasket assembly. 
Unbreakable flask is made of virtually indestructible linear polyethylene. 
Increased capacity, sufficent to complete any examination, is insured 
by Pneumocolon's new large [2,000 cc.) flask. 

Light, easy to handle. Compact design results in a Pneumocolon that 
measures only 81/2" from the base of the flask to the top of the triangle, 


|: BARNES-HIND BARIUM PRODUCTS 





| Sunnyvale, California 
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For absolutely 
unsurpassed 
sharpness of 
radiopaque 
delineation, 
either in air con- 
trast or in other 
techniques, use 
BAROTRAST® 
It is a specially 


processed Barium 


Sulfate which 
mixes to à 
virtually perma- 
nent suspension. 
Environmental 
changes during 
use do not result 
in precipitation, 


peeling, cracking, 


or clumping 
of the barium. 


Its flaw is steady 


consistent, and 
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its coating is thin, 
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X-RAY OPAQUE CATHETERS, 
GUIDEWIRES AND ACCESSORIES 





Special Instrument sets for catheterization of 
spleen and liver, urethro-cystography 

and fistulography, sialography, cerebral 
angiography and direct injection of contrast 


medium into the left ventricle etc., etc. 


Available S C HI C K X- RAY 


through your . 
local dealer company, inc. 


444 NORTH LAKESHORE DRIVE ~ CHICAGO 11, ILLINOIS 
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PERFORMANCE WRAP-UP 


...facts on the Imperial IT diagnostic x-ray system 


Imperial IT is a completely integrated, deluxe diagnostic x-ray unit, including 


table. fluoroscopic facilities and bilateral overhead tube hanger. 


180° TABLE: 


The Imperial table features a concentric, 
double-ring mounting supported from 
floor and wall. It provides lateral table 
travel for 13/5 inches, electrically locked; 
plus motor-driven table-top travel length- 
wise 30 inches beyond either end of table. 
Angulation centers on a fixed single axis, 
maintaining the ideal relationship for ob- 
servation and operation all during fluor- 
oscopy; the radiologist is always in the 
center of control. 


IMAGE INTENSIFICATION: 


The General Electric Fluoricon direct- 
viewing optical system delivers bright, vir- 
tually life-size images for one or more 
viewers. Easily loaded 16mm or 35mm 
G-E cameras provide the means for per- 
manent recordings. Vidicon TV cameras 
yield images of exceptionally high resolu- 
tion. A wide selection of closed-circuit 
television systems and television tape re- 
corders round-out the viewing arma- 
mentarium. 


FLUOROSCOPIC PROVISIONS: 


Automatic spot-film device, with nine- 
position sequence selector. Phototiming 
options provide for exact degree of auto- 
mation you require. Telescoping tower 
does not project above spot-film unit... 





allows clear field of view from both 


front and rear sides of the x-ray table. 


RADIOGRAPHIC FEATURES: 


Orbital operation extends to the tube 
hanger. Full bilateral excursion of x-ray 
tube is 11 x 12 feet. And thanks to the 
wide area tube coverage, cart radiography 
Is extremely easy. Bucky operation allows 
changing grid to suit technic. Table-top 
and tube hanger excursion accommodate 
rapid film changers with ease. High- 
voltage cables automatically wind onto 
concealed take-up reels when not in use. 


The Imperial II diagnostic x-ray system has many 
facets not touched on here — too numerous for 
effective treatment in this limited space. We wel- 
come the opportunity to acquaint you with them. 
See your G-E x-ray representative for the story of 
the Imperial II. Or write X-ray Department, General 
Electric Company, Milwaukee 1, Wis. 


Progress /s Our Most /mportant Product 
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eries or Small Bowel Study? 


. Excellen sal coating. areas where abnormal quantitie 


2. Resistan ipitation — re- of fluid are present. 
mains unaffected by bodily secre- 5. May be mixed to any density de 
tions. sired. This is especially importan 


Will show slight dilations of the xir who prefer a high K.V 


E DONE OODE: 6. Wide availability: 10, 50, 100 anc 
}. Will demonstrate dilution in those 250 Ib. containers. 


rofessional sample supply available on request 


BELL CRAIG IN 270 LAFAYETTE ST. 
ญี s NEW YORK 12, N. Y. 
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all-purpose 
WELDLESS CASSETTES 
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ore than 40 years experience in the 
building of many thousands of x-ray cas- 
settes has produced convincing evidence 
that welding, no matter how done, often 
results in invisible stress, which sooner 
or later is very apt to cause a cassette 
frame to buckle or warp, and this is sure 
to interfere with proper contact. 


You will agree that a cassette which does 
not produce proper contact can be very 
misleading, as well as useless for the pur- 
pose intended. In fact, it may sooner or 
later prove a liability for which there is no 
cure. Lack of proper contact can fai to 
register on an x-ray film the pathological 
condition that may exist. 

At this writing Buck X-Ograph Company 
has sold several thousand ALL PURPOSE 


Cassettes, and we are pleased to say that 
we have not received a single complaint as 


BUCK X-OGRAPH COMPANY 


Manufactured in 
all standard 
sizes. 


Red Bakelite 


| front for photo- 
timing use. 


Amber, or Natural 
color ๐ 1 grid, for 
grid use. 





to lack of proper contact. There have been 
a few complaints which apparently origi- 
nated from competitive sources, but these 
complaints pertained to difference of opin- 
ion as to design-all of which we consider 
convincing proof that the ALL PURPOSE 


Cassette has come to stay. Screen-film 
contact cannot be looked upon as a quest- 
ion of degree--it must be perfect or not 
at all. 

Other very important features found in 


the new Buck ALL-PURPOSE Cassette 
is the light-tight fit of the cover into the 
cassette frame, and also the aluminum 
laminated Bakelite front, which does not 
readily absorb mois- 
ture, therefore does 
not tend to warp; nei- 
ther does it require 
any extra exposure. 





BUCK 
PRODUCTS 


Known the 





ST. LOUIS 36, MO. 





* X-Ray accessories for those who demand quality x 


FOR X-RAY DIAGNOSIS... 


INTROPAQUE 





| 
| 
| 
Mail Coupon Today for FREE Sample >: 
LAFAYETTE PHARMACAL INC. EVA L 
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BARIUM SULFATE, U.S.P. 91% 


This highly-processed for- 
mula was developed to 
satisfy multiple criteria for 
an ideal suspension, and 
has optimum partiele size, 


b» Gives a smooth, even 


» 


Hospital. 2 
PRS CCS 3 at a Lie 
ฒา ik Zone 


coating to the stomach, 
small bowel, and colon, 
Will not dry or "flake" 
in the colon for an 
hour or more allowing 
re-examination on 
same visit. 
Non-foaming, stable 
formula allows excess 
suspension to be 
saved and used 
another day. 

Will not precipitate or 
agglutinate in the 
stomach to cause 
factitious lesions. 
Remarkable ability to 


overcome pylorospasm. 


_ Lafayette Pharmacal, inc. 
_Latayette, Ind. y.26 


; Please send me a free sample of 
intropaque. 
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TYPE N for use with intensifying screens 
Speed: fast 

Contrast: good 

Grain: normal 

Base: blue, safety 


Type N film is faster than the most widely used 
medical X-ray film in the United States—and it costs 
less. This film is available with square corners in 
boxes of 25 or 75 interleaved sheets. For rounded 
corners, and extra savings on economical Ferrania 
prices, order Type N in bulk packages of 300-sheet 
interleaved, or 500-sheet non-interleaved films. 
Bulk-packed Type N film is specially designed for 
processing in all automatic developing units. 


SIMPLEX non-screen, for use with direct X-rays 
Speed: very fast 

Contrast: good 

Grain: fine 

Base: blue, safety 

No cassette is needed with Simplex film—each 
sheet is sealed in a lightproof exposure envelope 
for radiography of limbs and extremities. Con- 
venient guide lines divide the upper surface of the 
envelope permitting accurate masking of the film 
into four separate exposure areas, 25 Simplex ex- 
posure envelopes are packaged per box. 


GAMMA for ultra fine tissue work 
Speed: slow 

Contrast; extremely high 

Grain: extremely fine 

Base: blue, safety 


This new Ferrania film brings unprecedented detail 
to mammography and other ultra-fine tissue radio- 
graphy. Gamma film is compatible with all standard 
develaping systems, and is packed 25 exposure 
envelopes per box. 


IG} for very fine tissue work 

Speed: medium 

Contrast: high 

Grain: very fine 

Base: blue, safety 

IC2, slightly faster than Gamma film, permits addi- 
tional savings for mammography and similar fine 
tissue work when the maximum requisites are high 
contrast and very fine grain. It is packed 25 exposure 
envelopes per box.. 


X2A and X3V for photoftuorography 

Speed: fast 

Contrast: high 

Grain: fine 

Base: blue, safety 

Ferrania films for photofluorography record all de- 
tails of the smallest structures. X2A is highly 
sensitive to blue and violet light, and is used with 
blue fluoréscing screens. X3V is orthochromatic, 
and is used with yellow-green fluorescing screens. 
Both films are available ín 100- or 550-ft. rolls of 
70mm-wide film, wound emulsion side in on cores. 


DIRECT POSITIVE for fast reproduction 


Speed: medium 

Contrast: excellent 

Grain: fine 

Base: clear, safety 

The special, clear safety base of this film permits an 
exceptional reproduction of any radiograph. None 
of the definition or contrast of the original will be 
lost. In fact, this film can actually be used to im- 
prove these factors. Direct positive film does not 
ulilize intermediate copies and makes reproduc- 
tions in as little as two minutes. It is packed in 
boxes of 25 interleaved sheets. 





Seven ferrania 
X-ray films meet 
your needs for 
quality radiographs 


Ferrania offers substantial savings on excellent 
medical X-ray films for all diagnostic applica- 
tions. Name your requirement—screen or non- 
screen radiographs, fine tissue work, or photo- 
fluorography. Ferrania has six films of unmatched 
quality to fill these needs. The seventh, a high- 
contrast, direct positive film, reproduces even 
the finest details of a radiograph. Ferrania- 
formula chemicals, in addition, guarantee that 
the high contrast and clarity of Ferrania films 
will be retained during processing. 


Every sheet and roll of film meets Ferrania's 
exacting standards of performance. This is true 
for the film you buy today, next month, or next 
year. Such consistency is the result of Ferrania’s 
exacting quality control program—one that has 
supplied films of premium quality to the world 
for more than 35 years. 


To find out more about Ferrania quality, test it. 
A request to Cenco X-Ray brings a test quantity 
of film (any of the seven types) and a catalog 
from your local Ferrania dealer. Also included: a 
copy of Radiographica, a technical journal of 
X-ray diagnosis published as a service by 
Ferrania. CXR-4-212 


US. DISTRIBUTOR OF 


e 
ferrania 
x-RAY RADIOGRAPHIC MATERIALS 


a division of Cenco Instruments Corporation 


1700 Irving Park Road ๑ Chicago, Illinois 60613 


Sales offices and warehouses: 
Jamaica, N. Y., Chicago, Hil, and Santa Clara, Cal. 
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16 NEW BOOKS FOR ROENTGENOLOGISTS 


\ Selected from the New 1964 Thomas Catalog 





MEDICINE,  SCIENCE—AND [7] DISEASES OF THE ADRENAL 
JUSTICE edited by Larry Alan Bear, GLANDS: Radiologie Diagnosis with 
Univ. of Puerto Rico, Rio Piedras, Puerto Emphasis on the Use of Presacral Retre- 
Rico. Assisted by Brian Parker. (With 20 peritoneal Pneumogra phy by Morton A. 
Contributors) Feb. “64, 656 pp.. 38 il, 814.50. Meyers, Presbyterian Hosp., New York City. 


C] SPECIAL PROCEDURES IN ROENT- July 63, 84 pp.. il, $5.75 


© GEN DIAGNOSIS by Samuel L. Berane ็ 0 PATIENT DOSE 
baum, Sz. Barnabus Hosp., New York City, — THE REDUCTION OF PATIENT DOSE 
BY DIAGNOSTIC RADIOLOGIC IN- 


and Phillip H. Meyers, Tulane Univ,, New 


Orleans, La. March °64, 628 pp. (Amer. Lec. 


ter), $21.75 


|, TECHNIQUES IN MEDICAL COMMU. 





NICATION by Warner F. Bowers, New 
York Med. Coll, New York City. Nov. "63, 
96 pp., 21 il, $4.50 


^| RADIOACTIVE METAL MOBILIZA- 


TION IN MEDICINE by A. Catsch, /nsii- 
tute of Radiobiology, Karlsruhe, Germany. 
Translated from German by B. Kawin, Fet- 
erans Administration Hosp., Fort Howard, 
Md. March '61, about 192 pp.. 46 il. (Amer. 
Lec. Living Chemistry edited by L Newton 
Kugelmass), about $8.00 





| | PRINCIPLES OF RADIOGRAPHIC EX- 


POSURE AND PROCESSING (2nd Ed. 
2nd Ptg.) by Arthur Fuchs, Rochester, N.Y. 
March '64, 300 pp. (7 x 10). 600 il.. $10.50 


(| THE PHYSICS OF RADIOLOGY /(?nd 


Ed. Rev. 2nd Ptg.) by Harold Elford 
Johns. Univ. of Toronto, Toronto, Canada. 
April ‘64, about 788 pp. (7 X 10), 469 il. 
(Amer. Lec. Radiation Therapy edited by 
Milton Friedman}. about $23.00 


STUMENTATION edited by Robert D. 
Moseley, Jra and John H. Rust, both of 
The Univ. of Chicago, Chicago, lil. (With 29 
Contributors) Jan. '64, 300 pp. 145 il, 
$12.50 


ก DISEASES OF MEDICAL PROGRESS: 


A Contemporary Analysis of Illness Pro- 
duced by Drugs and Other Therapeutic 
Procedures (2nd Ed.) edited by Robert H. 
Moser, U. 5. Army Tripler General Hosp., 
Honolulu, Hawaii. (With 12 Contributors i 
March “64, 572 pp. $19.75 


เก AIDS TO ETHICS AND PROFES. 


SIONAL CONDUCT FOR STUDENT 
RADIOLOGIC TECHNOLOGISTS by 
James Ohnysty, Saint Francis Hosp, Colo- 
rado Springs, Colo. April ‘64, 144 pp., 1 il, 


è — 


i m 
$3.75 


|, A STUDY GUIDE FOR STUDENT X. 


RAY TECHNICIANS by Joyce Oliphant, 
Macon Hosp. Macon, Ga. Nov. °63. 168 pp.. 
$5.50 


ภ THE EVOLUTION OF CLINICAI [| CHELATION THERAPY by Alfred Sof- 


~ METHODS IN MEDICINE by Kenneth fer, Northwestern Univ, Chicago, Ill. Co- 
D. Keele, Ashford Hosp, Middlesex, Eng- authors: Herta Spencer, Martin Rubin, 


land. Dec. °63, 146 pp., 57 il, 37.50 Maynard B. Chenoweth, Gunther L. 
- TEE | , Eichhorn, and Betty Rosoff. May 761, 
[o] CASE CAPSULES: The Droll, Divert- 176 pp.. 90 iL. $8.00 

ing, Devilish, Definitely Different by 

Arnold Lieberman, New York City. May ro 

64. about 360 pp.. about 107 il. about $8.00 


|] ST. THOMAS’ HOSPITAL by E. M. Me- 
Innes, London, England. Dec. '63, 246 pp. 
12 iL, $6.50 


๓ ล ๕ ๕ ๐ ๓ ๕ ๕ ๕ ๕ ๐ 5 3 3 30 
CHARLES C THOMAS * PUBLISHER 0 1 ก ร ด ภ า Fast SPRINGFIELD * ILLINOIS 


lawrence Avenue 


|; THE CHEST FILM IN MASSIVE PUL- 
MONARY EMBOLISM by Daniel J. Tor- 
ranee, Jr., The Johns Hopkins Univ.. Balti- 
more, Md. Nov. °63, 88 pp. (815 x 11), 76 il. 
(Amer. Lec. Roentgen Diagnosis), $6.75 
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The Marshall Pressure Injector. . 


FOR ANGIOGRAPHY 


MULTIPLE INJECTIONS WITHOUT RELOADING : PORTABILITY FOR CONVENIENCE : 





Simple adjustment provides for successive Complete unit (only 47 pounds) can be 
injections of any desired quantity to a total placed on X-ray table with patient for 
of 150 c.c. multiple filming. 
UNIFORM CONTRAST ASSURED: COST: 
Rapid uniform thrust with good back up Simple, functional design provides accuracy 
pressure results in excellent uniformity of and adaptability with a minimum of factory 
contrast. cost. 
The Marshall Pressure Injector was developed and tested in the Department of 


Radiology, University of Louisville School of Medicine, and has proven far superior 
to existing equipment, Over 2000 test and clinical injections for all types of 
Angiography have proven its reliability and efficiency. 





The contrast medium is drawn directly from the sterile container into the syringe. 
A simple timing mechanism is incorporated to correlate the injection of the contrast 
medium with the film exposure. This permits a wide range of film exposure before 
during and after the injection of the contrast medium. The timing device can be 
easily removed from the injector if desired. 











A remote trigger is provided to remove the operator from the X-ray field. Four 
separate design features insure against accidental air injection. Precise control of 
volume eliminates danger of over injection. 





Write for Catalog 


SIGMAMOTOR, INC. 


46 North Main Street, Middleport, New York 


IMPROVED 


Van de Graaff” 
ACCELERATOR 


Improved Model AM Van de Graaff is the result of 





experience gained in 40 previous installations. 


MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 


Today’s Model AM 2 MeV Van de 
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CE OF 


THE SKELETON IN 


OSTEOMALACIA AND RICKETS* 


By HOWARD L. 


STEINBACH, M.D., 


and MAN NOETZLI, M.D. 


SAN FRANCISCO, CALIFORNIA 


1 ล previous study? it was noted that 
some patients with osteomalacia or 
rickets had dense instead of radiolucent 
skeletons. Other patients had roentgen evi- 
dence of secondary hyperparathyroidism, 
and because of the paucity of literature on 
the subject, it was thought that this was 
unusual. With increased experience in 
evaluating roentgenograms of patients with 
osteomalacia, it became apparent that 
these manifestations were more frequently 
present than at first assumed. They had, 
however, not alwavs been identified. In 
order to determine the incidence of various 
roentgen signs that have been found 


osteomalacia or rickets, roentgenograms of 


patients with this disease were re-examined. 

Osteomalacia is a disorder of bone tissue 
in which calcium salts fail to deposit 
promptly in newly formed bone matrix. In 
growing children, in addition, impaired cal- 
cification of maturing car lage at the zone 
of provisional calcification results in retar- 
dation of endochondral ossification. This 
condition is known as rickets. The retarded 
calcification of bone and cartilage matrix is 


not fully understood, but in some cases ap- 
pears to be related to a diminished supply 
of vitamin D, Calcium deficiency produces 
rickets or osteomalacia only if vitamin D is 
also deficient. Other patients have an in- 
creased excretion of phosphate by the kid- 
neys. A deficiency of alkaline phosphatase 
in the serum and tissues may impair the 
deposition of calcium phosphate salts and 
also result in osteomalacia or rickets. Some 
of the causes of osteomalacia and rickets 
are shown in Table 1. 

The malabsorption of vitamin D may be 
the result of (1) a deficiency of digestive 
enzvmes such as in pancreatic disease; (2) a 
lack of emulsification of fat resulting from 
bile deficiency in liver disease; or (3) an in- 
abilitv of the small bowel mucosa to absorb 
fats as is present in sprue, neoplastic, in- 
Hammatory, or infiltrative disease of the 
small intestine or its mesenterv. In these 
cases, absorption of calcium is frequently 
impaired. Calcium may combine with fatty 
acids to form compounds, not readily ab- 
sorbed. 

The cause for osteomalacia or rickets In 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. 
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TABLE I 


SOME CAUSES OF OSTEOMALACIA AND RICKETS 


1. Vitamin D deficiency 
2, Malabsorption from intestine 
Small bowel 
Sprue 
Celiac disease 
Pancreatic insufficiency 
Chronic biliary obstruction or liver disease . 
Regional enteritis 
Lymphosarcoma 
Scleroderma 
Amyloidosis 
Postoperative complications 
Small bowel resection 
Enteric fistula 
Blind pouch 
Gastroenterostomy 
Uterosigmoidostomy 
Disease of mesentery 
Carcinoma 
Tuberculosis 
Lymphoma 
Amyloidosis 
3. Excessive excretion of phosphorus or calcium by 
kidneys (congenital or acquired) 
Renal tubular dysfunction with or without 
acidosis but without renal glomerular failure 
Hyperthyroidism 
Cushing’s syndrome 
Heavy metal poisoning 
Lead 
Beryllium 
Magnesium, strontium or fluoride 
4. Other causes 
Hypophosphatasia (decreased alkaline phos- 
phatase activity) 
Hypoparathyroidism 
Renal glomerular failure 


patients with-chronic renal glomerular fail- 
ure is obscure. Some investigators believe 
that it results directly from acidosis, which 
inhibits the deposition of calcium salts in 
osteoid. The administration of alkali im- 
proves the bone lesions and alleviates bone 
pain.* A more likely explanation is that the 
uremic state antagonizes or interferes with 
the action of vitamin D. This is reflected in 
defective utilization of dietary calctum and 
phosphorus with a tendency toward lower- 
ing of the serum calcium level. The osteo- 
malacia can be cured by the administration 
of large doses of vitamin D. This condition 
may thus be considered an acquired form of 


Howard L. Steinbach and Max Noetzli 


May, 1964 


“vitamin D resistant rickets or osteo- 
malacia,’’!® 

Renal disease affecting the tubules, with- 
out loss of glomerular function, is also fre- 
quently associated with rickets or osteo- 
malacia. These lesions respond to very high 
doses of vitamin D and have been called 
vitamin D-resistant rickets. The kidney 
tubules normally reabsorb glucose, amino 
acids, sodium, calcium, phosphate and 
other substances. When this reabsorption is 
diminished for one or several of these sub- 
stances, it produces phosphaturia, with or 
without amino aciduria or glycosuria. Renal 
phosphaturia produces a low plasma phos- 
phorus which results in osteomalacia or 
rickets. 

Biochemical ‘evaluations more often re- 
veal a normal than a low serum calcium and 
a low, rather than a normal, serum phos- 
phorus. Usually the serum alkaline phos- 
phatase is high. In hypophosphatasia, the 
alkaline phosphatase is low and the serum 
calctum and phosphorus may be normal or 
elevated. In patients with renal glomerular 
failure, the serum phosphorus is increased 
from diminished glomerular filtration rate. 
Calctum concentration in the serum is 
usually normal or low. 

If osteomalacia is sufficiently far ad- 
vanced, the usual roentgen appearance is 
that of generalized decreased bone density. 
When severe, the disease may be associated 
with bending or fractures of the weakened 
skeleton. Pseudofractures represented by 
radiolucent bands of diminished density of 
the bone cortex may be present, and are 
pathognomonic of osteomalacia. They are 
frequently multiple, in which case they may 
be almost symmetric. These pseudofrac- 
tures have certain sites of predilection, such 
as the posterior and axillary borders of the 
scapulae (Fig. 1, 4 and B), the ribs, the 
pubic rami and ischia (Fig. 2), the medial 
aspect of the femoral neck (Fig. 3, 4 and B), 
the iliac bones, the radii, the ulnae, and the 
tibiae and fibulae (Fig. 4, 4 and B). 

In growing children, additional changes 
occur at the sites of endochondral bone 
formation. The epiphyseal cartilage con- 
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tinues to proliferate and increase in thick- 
ness, but calcification of the mature, vacuo- 
lated cells and matrix does not keep pace. 
Consequently, the initial sign on roentgeno- 
grams is the presence of a wide space be- 
tween the epiphysis and metaphysis with 
varying diminished density of the zone of 
provisional calcification. The width of the 
epiphyseal cartilage between the distal 
radial epiphysis and metaphysis in normal 
children 1s not usually greater than 1 mm. 
on roentgenograms. This was established bv 
measuring the width in the center of the 
cartilage in 1 ๐ children of each vear of age 


from 1 to Io vears. Similar measurements of 


24 children with at least - sign of rickets 
of the distal radius or ulna ("cartilage 
widening," which in rickets is actually a 
combination of uncalcified cartilage and 
osteoid; 
the zone of provisional calcification and 
cupping) ranged from r.o mm. to 10.0 mm. 
with an average of 3.2 mm. Onlv 6 of the 
24 children had had spaces less than 1.5 
mm. in thickness. Bone or calcified cartilage 
may continue to be formed at the outer 
margin of the metaphysis and extend 
around the peripherv of the cartilaginous 
epiphvseal disk, producing on roentgeno- 
grams the appearance of cupping. Pro- 





. CA) Tangential and (8) frontal views of the 
p scapula showing a pseudofracture along the 
posterior and axillary borders. 
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lic. 2. Osteomalacia due to pancreatitis. Calcifica- 
tion is visible in the pancreas. Bilateral, almost 
symmetric pseudofractures of the superior and 
inferior rami of the pubic bones are present. The 
bones are diffusely demineralized. 


liferation of cartilage and delaved calcifica- 
tion also take place around the margins of 
the epiphyses, but to a lesser extent. The 
rachitic changes are usually most obvious 
in those regions where bone grows rapidly 
or where it 1s subjected to pressure. 

The parathyroid glands regulate the cal- 
cium jon concentration in the blood. They 
respond directly to decreased calcium con- 
centration in the serum by increasing in 
size and elaborating more parathyroid hor- 
mone, which, in turn, elevates the serum 
calcium. This elevation is accomplished in 
part by the direct action of the hormone on 
bone which, if sufficiently marked, pro- 
duces osteitis fibrosa. These changes in bone 
may be recognized on roentgenograms 

when evidence of subperiosteal resorption 
of bone, large destructive bone cvsts, or 
brown tumors, is present. The subperiosteal 
resorption of gorica] bone may be general- 
ized, but is frequently localized to certain 
sites of predilection. These are the thenar 





Howard L. Steinbach and Max Noetzli 











Ux 


PIG 


(4 and B) Bilateral, almost symmetric pseudofractures of the femoral necks, 


and pseudofractures involving the lesser trochanters. 


surfaces of the middle phalanges of the fin- 
gers and the lamina dura of the jaws, Other 
sites are the outer surfaces of the clavicles, 
the upper medial surfaces of the tibiae, and 


the posterior and inferior f of the 








surfaces 
calcanei. [n addition, the sacroiliac joints, 
the necks of the humerus or femur, the 


ischial tuberosity, and the upper border of 


the ribs mav be involved. These findings are 
regarded as pathognomonic of primary or 
secondary hvperparathyroidism. Hyper- 
parathyroid bone lesions may occur when- 
ever production of serum calcium is low. 

In dietary or malabsorption osteomala- 
cia, the situation exists for secondary hy- 
perparathyroidism because of a low serum 





lic. 4. G7 and B) Bilateral 


พ ด 


almost symmetric pseudofractures of 
margins, which are occasionally seen in osteomalacia, presumably ar 


the fibulae. The somewhat sclerotic 
e the result of an overgrowth of osteoid 





along the margins of the pseudofractures. Radiolucent lines in the center of the tibiae represent pseudo- 


fractures seen ez face. 
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calcium which stimulates the parathyroids 
to secrete or raise the calcium to normal or 
near normal level. Since one of the actions 
of parathyroid hormone is to increase phos- 
phate excretion by inhibiting resorption of 
phosphate bv the kidnev tubules, the serum 
phosphate is low. 

The serum calcium level is also low in 
renal glomerular failure, thus producing 
osteitis fibrosa through stimulation of the 
parathyroids. In these cases the serum 
phosphorus level is elevated because ot the 
reduced glomerular filtration rate. 


METHOD 


The presence of osteomalacia was estab- 
lished on clinical data in all cases and in 
many was confirmed by bone biopsy. 
Roentgenograms of 25 adult patients with 
osteomalacia and of 27 children with rickets 
were reviewed. The disease in 17 of the 
adult patients and in 2 of the children was 
attributed to malabsorption. Malabsorp- 
tion in the 17 adults resulted from sprue 
(12); pancreatic insufficiency (2); gastro- 
enterostomy (1); regional enteritis (1); and 
in 1 the cause was unknown. Cnly 2 children 
with vitamin D deficiency had sufficiently 
thorough roentgen examinations to be in- 
cluded. 

Seven adults had osteomalacia and 24 
children had rickets as a result of renal ab- 
normalities. All of the adults and 13 of the 


children had renal tubular insufficiency of 


varying severity. Eleven children had renal 
glomerular failure. Using the classification 
of Fraser and Salter® modified to include 
adults (Table 11), these cases may be 
classified as follows. All 7 adults had simple 
hvpophosphatemic vitamin D-refractory 
osteomalacia (Type tu, A, i). Ten children 
had simple hvpophosphatemic vitamin D- 
refractory rickets (Type 1u, A, i); 1 with 
amino-aciduria (Type it, A, i); 1 with 
amino-aciduria and acidosis (Type mi, A, 
ii); and 1 with cystine storage disease 
(Type n, A, 1v). 

Impaired glomerular excretion causing 
renal disease resulted in renal osteodvstro- 
phy in 11 children (Type 11). 
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RESULTS 
1. ADULTS 


A. Osteomalacia Due to Malabsorption of 
Vitamin D (Table yi). Al except 1 of the 17 
patients had diminished skeletal density. 
Nine had typical pseudofractures which 
were regarded as diagnostic of the disease. 
Five had roentgen evidence of hvperpara- 
thvroidism, manifested by subperiosteal 
resorption of cortical bone. This resorption 
was present in the middle phalanges in all 5 
and involved the tufts of the distal pha- 
langes or other cortical sites as well (Fig. 5). 
In addition, 3 patients had cyst-like bone 
destruction at various sites (Fig. 6). Two of 
these 5 patients had no pseudofractures, 
presenting a roentgen appearance of hyper- 
parathyroidism alone. One patient with 
diminished skeletal densitv, pseudofrac- 
tures, subperiosteal resorption, and local- 
ized areas of bone destruction had stea- 
torrhea and a parathyroid adenoma. A 
similar case was reported by Davies, Dent, 
and Willcox.* 

All 17 patients were women. The patients 
without hvperparathyroid bone changes 
ranged in age from 26 to 72 vears with half 
of them being older than 60. Those with 
secondary hyperparathyroidism tended to 
be vounger, with ages ranging from 30 to 72 
years; three-fourths of them were less than 
40. 

B. Osteomalacia Due to Renal Tubular 
Insufficiency Resulting in Phosphate Deple- 
tion (Vitamin D-Resistant Osteomalacia) 
(Table vv). All 7 of the adult patients with- 
out malabsorption defects or hypophospha- 
tasia were in this category. Three of these 
patients had diminished skeletal density, 
whereas 4 had increased thickness and 
density of the bones (Fig. 7 and 8, Æ and 
B). The bones of all 7 were short, indicating 
that the disease had been present in child- 
hood. Pseudofractures were visible เท 3 
patients. None had roentgen signs of hvper- 
parathvroidism. Extensive localized over- 
growth of bone in the form of accessory 
ossicles, spurs, and exostotic growths, which 
has been found only in this form of osteo- 
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malacia, was present in § 


small ossicles or extra centers of ossification 

were present in many of the joints but in all 
cases involved the wrists just distal to the 

radius and ulna. Thev were frequen tly seen 


in the anterior aspect of the 


about the hips (Fig. 9). The adjacent carti- 
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elbow Joint and 


Tage II 


CLASSIFICATION OF RICKETS AND OSTEOMALACIA 
and Salter!) 


(Modified from Fraser 


ch and Max Noetzli 


tendinous insertions 


periarticular areas. 

C. Osteomalacta Due to Hypophospha- 
fasta. One adult with hypophosphatasia 
had diminished density of her skeleton and 
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lage was frequently narrow. The exostotic 
growths were in the regions of ligamentous 


and were seen 1 ท 





Etiology 


L ก tamin D deficiency 
. Dietary deficiency of vitamin D 


Defective absorption of vitamin D and 
calcium due to steatorrhea 





H. Chronic renal insufficiency with secondary 
hyper parathyroidism 
(Chronic pyelonephritis, chronic glomer- 
ulonephritis, congenital renal abnormali- 
ties, late stages of Type HL A, ii iv; B, ij 


เต ต น น tt te antes niece ie te mee soe va oma eee 


HE Renal tubular insuffciency 
A. Renal tubular insufficiency. resulting 
in phosphate depletion 
i. Defective resorption of phosphate 
(t glucose) 


ii. Defectiveresorption of phosphate, 
glucose, many amino-acids 
(+ protein) 
iit, Defective resorption of phosphate, 
glucose, many amino-ac ids, pro- 
tein (+ water}, with defective con- 
servation of fixed base 


Generalized defectin cystine me- 
tabolism, with (? secondary } defec- 
tive tubular resorption of phos- 
phate, glucose, many amino-acids, 
protein, fixed base (+ water) 


iv 


+ 


Defective resorption of phosphate, 
glycine and fixed base 


Miscellaneous abnormalities with 
associated renal tubular resorption 
defects 


B. Defective handling of other ions by 
the renal tubules resulting in calcium 

' 
. Defective conservation of fixed 

base 


ii. Defective calcium resorption 

IV, Miscellauzous et 
i, Defective calcification of bone 
associated with generalized de- 


pression of alkaline phosphatase 
activity 
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Designation Preferred 
by Authors 


Other Designations for 
the Syndrome 


Responsive to usual therapeutic doses of vitamin D 


Vitamin D deficiency rickets or 
osteomalacia 


Malabsorption rickets or osteo- 
malacia 





Osteomalacia and rickefs, classical 
rickets or osteomalacia, infantile 
rickets, simple ric kets Or osico- 
malacia, deficiency rickets 


Celiac rickets, malabsorption rick- 
ets or osteomalacia 


Renal rickets, renal osteodystrophy, 
rickets due to glomerular insuffi- 
ciency, glomerular rickets 


"Resistant" to usual doses of vitamin D 


MH ypophosphatemic vitamin D- 
refractory rickets or osteomala- 
cia of the simple type 


Hypophosphatemic vitamin D-] 
refractory rickets or osteomalacia | 
with amino-aciduria | 


Hypophosphatemic vitamin D-j 
refrac tory rickets or osteomala-! 
cia with aminoaciduria and} 
acidosis j 


Cystine storage disease with vi- 
tamin D-refractory rickets 


Hypophosphatemic vitamin D- 
refractory rickets with hyper- 
glycinuria 


Oculo-cerebro-renal svndrome 
with hypophosphatemic vitamin 
D-refractory rickets, other rare 
conditions 


Rickets ar osteomalacia due to 
renal tubular acidosis 


Vitamin D-resistant rickets or os- 
teomalacia (with hypo ' 

mia), primary vitamin D-refrac- 
bat rickets or osteomalacia, tubu- 
lar rickets or osteomalacia, endo- 
genous rickets or osteomalacia, late 
rickets, rachitis tarda, phosph ate 
diabetes, Milkman’s syndrome 
íadult), idiopathic osteomalacia 
(adult) 


Fanconi syndrome, Debré-deToni- 
Fanconi syndrome, nephrotic gly- 
cosuric dwartism with hypophos- 
phatemic rickets, amine-diabetes 


Fanconi syndrome, Debré-deToni- 
Fanconi syndrome, Lignac's dis- 
ease, Lignac-Fanconi syndrome, 
eystinosis, cystinuria with rickets 


Organic aciduria, decreased renal 
ammonia production, hydrophthal- 
mos and mental retardation 


Infantile renal acidosis, Light- 
wood’s sy aian, hyperchloremic 
renal ac idosis (with nephrocalcino- 
sis), Albrights syndrome (adult) 


Rickets or osteomalacia due to idio- 
pathic hypercalcuria 


Osteodysmetamorphosis fetalis, os- 
teoblastic dysostosis, rickets with 
low alkaline phosphatase activity 


No. of Cases. 
(present series) 


————————————— 


Chill. 


Ii 


vod 
+ 
» 


No. of Cases 
i Fraser and 
Salter, 


Adults ro. 16- 108555) 
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multiple pseudofractures, as well as true 
fractures. Because the bones were not de- 
formed and were of normal length, it 1s as- 
sumed that the disease was acquired after 
growth had ceased. 


TL CHILDREN 


Roentgenograms of 27 patients were 
evaluated and the results tabulated (Table 
v). Besides evaluating density, pseudo- 
fractures, subperiosteal resorption, acces- 
sory ossicles, and exostotic growth, we were 
concerned with the various abnormalities 
occurring only in children. These abnormal. 
ities were widened epiphyseal cartilages, 
fraying and cupping of the metaphyses, 
bending of the bones, subperiosteal new 
bone formation, and retarded maturation 
of the skeleton. 

A. Rickets Due to Vitamin D Deficiency 
(Table v, Group 1). Only 1 patient with 
dietary vitamin D deficiency (Group 1, 1) 
and 2 with malabsorption due to biliary 
atresia (Group 1, ii) had reasonably com- 





Fic. c. Detailed view of the second and third fingers 
of the left hand of a patient with osteomalacia due 
to regional enteritis. The arrows point to areas of 
subperiosteal resorption involving the cortex of 
the middle phalanges. The changes are more severe 
on the surface facing the thumb. Minimal resorp- 
tion of the terminal tuft of the distal phalanx of 
the second finger 1s seen. 
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Fic. 6, Destructive cvst-like lesion of the anterior 
aspect of the tibia due to osteitis fibrosa in a pa- 
tient with osteomalacia. This lesion healed after 
the patient received large doses of vitamin D. 


plete skeletal surveys. These 3 patients 
showed the usual demineralization, thick- 
ened epiphyseal cartilages, fraying and 
cupping of metaphyses, bending of bones, 


Tase 1H 
ROENTGEN FINDINGS IN MALABSORPTION 
OSTEOMALACIA 
(17 Patients--All Females) 


Demineralization 16 
Demineralization alone 6 
Demineralization and 

pseudotractures 6 


Demineralization, pseudo- 
fractures, and hyper- 


parathyroidism* 3] 5 patients 
Demineralization and Ir 
hyperparathyroidism 1 | 
yi ว 


"secondary 

i 

i hyperpara- 
| thyroidism 
.] 


Normal density 
Hyperparathyroidism 
only 


* One of these patients also had a parathyroid adenoma, 
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lic. 7. Roentgenogram of the right humerus in a 


patient with osteomalacia from renal tubular in- 
sufhciency which resulted in phosphate depletion 
(vitamin D-resistant osteomalacia}. The humerus 
is broad and short and shows an increased bowing 
in its upper part. The bones are of increased den- 
sity. The cortex of the shaft has lost its compact 
character and the trabeculae are increased in 
thickness. 


and delayed skeletal maturation tvpical of 


rickets. One patient with biliary atresia had 
pseudofractures and one with dietary defi- 
ciency had periosteal new bone formation. 
Both patients with oe tae had 

gers. None had 
เฮ ก ก ร ห อ ด อ secondarv 
hvperparathyroidism. 

B. Rickets Due to Chronic Renal Insuff- 
ciency (Table v, Group n). There were 11 
patients with severe chronic renal failure 
and abnormal bones (Group 11). Diminished 
density of part of the skeleton was present 
in 10 patients. The density of the bones 
varied in different parts of the skeleton 
with a relatively increased density, usually 
in the spongy bone of the metaphvses, 
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present in g patients (Fig. 10). This associ- 
ated increased and decreased densitv was 
frequently well seen in the vertebral bodies. 
Broad dense bands in the upper and lower 
portions of the bodies, with radiolucent 
centers, are seen only in this form of osteo- 
malacia or rickets. Pseudofractures were 
present in only 1 patient. 

Subperiosteal resorption, alwavs involv- 
ing the middle phalanges of the fingers, but 
frequently involving other bones, was iden- 
tified in 9 patients and was que sciónable.4 in 
the other 2 (Fig. 11). In the roentgenograms 
of these 2, intensifving screens were used 
and the bone detail was not as well seén as 
in those without screens. Roentgenograms 
of the hands of 1 patient showed no sub- 
periosteal resorption when screens were 
used, but unquestionable resorption with. 
out the screens. One patient had a localized, 
cyst-like area of destruction in the distal 


radius. The skeleton in patients with 
chronic renal failure is more likely to 


demonstrate characteristic changes of hy- 
perparathyroidism than other forms of 
osteomalacia or primary hyperparathy- 
roidism.? 

Widening of the epiphyseal cartilage was 
the most common manifestation of rickets 
and was seen in 7 of the g patients with un- 
fused epiphvses. Rachitic rosary of the 
chondral border of the ribs was visible in 7, 
and fraving cr cupping, or both, was seen in 
the metaphy ses of s. Maturation and 
growth were delaved in 8 patients, which is 
to be expected in any chronic disabling dis- 
ease. In 1 patient, growth was severely re- 
tarded but the maturation of the skeleton 

'as normal. This dissociation of matura- 


Tage IV 
ROENTGEN FINDINGS IN ADULTS WITH RENAL 
TUBULAR INSU FFICIENCY WITH OSTEOMALACIA 


ie e Piae) 





A, Diminished ก ศร 


wd 

B. Increased density 4 

C. Pseudofractures 3 
With decreased density 1 
With increased density 2 

D. Accessory ossicles, spurs, and exostoses 3 
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Fic. 8. G7 and B) Roentgenograms of hands of 2 
patients with osteomalacia due to renal tubular 
insufficiency which resulted in phosphate deple- 
tion. (vitamin. D-resistant osteomalacia), Both 

patients have dense bones. Multiple exostoses are 

present primarily at the ends of the tubular bone 
in the region of the insertion of tendons and hga- 
ments, Small extra centers of ossification, char- 
acteristic of this form of osteomalacia, can be seen 
in the wrist joints between the radius and ulna and 
between the carpal bones. 
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tion and growth is not uncommon in 
chronic renal failure. Extensive calcification 
of the soft tissues, particularly of periarticu- 
ar structures and vessels, was present in 
only 1 patient (Fig. 11 and 12). Another pa- 
tient had slight vascular calcification. One 














Fic. 9. Renal tubular insuffici 
r 


ncy in this patient 
sulted in phosphate depletion (vitamin D-re- 
sistant osteomalacia). Exostoses and separate 
centers of ossification are present along the lateral 
and medial aspects of the hip joint. 
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patient had bilateral shipping of the femora 
and humeral heads (Fig. 13). 

C. Rickets Due to Renal Tubular Insuff- 
ciency (Table v, Group ni). Thirteen. pa- 


tients with renal tubular insufficiency. of 
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varying severity were studied. The most 
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Vic. 10. Roentgenogram of the femur and tibia of a 
child with chronic renal insufficiency due to pyelo- 
nephritis. The over-all density of the bones is in- 
creased but areas of radiolucency are scattered 
throughout the spongiosa. Subperiosteal resorp- 
tion of the medial aspect of the upper end of the 
tibia indicates secondary hyperparathyroidism. No 


the epiphyses are almost fused. 


common (10 cases) was the simple type 
(11, A, 1) with phosphate depletion, with or 
without glucosuria. This disease is also 
known as vitamin D-resistant rickets, late 
rickets, and phosphate diabetes. The roent- 
gen appearance in some cases differed from 
other tvpes of rickets in that the bones were 
of increased density. Three of the patients 
had thick dense bone on initial examina- 
tions. In 3 others it developed after pro- 
longed observation and after varying doses 
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of vitamin D, although signs of rickets were 
not completely alleviated. The other § pa- 
tients whose disease was of a more severe 
form had diffuse demineralization. The 
most common sign of rickets was increased 
thickness of the epiphyseal cartilages, most 
prominent about the knees. Since rickets 15 
a disease of growing bones, it would be ex- 
pected initially at the distal femoral meta- 
phvsis which is the fastest growing area of 
the skeleton. The proximal and distal tibial 
metaphyses are next in rate of endochon- 
dral ossification, with the distal radius and 





Fic. it. Roentgenogram of the hand of a child with 
chronic renal insufficiency resulting from pyelo- 
nephritis. The metacarpals are disproportionately 
short in comparison with other tubular bones. 
The patient has evidence of secondary hyperpara- 
thyroidism with resorption of the cortex of the 
medial phalanges, which is not clearly visible in 
this reproduction, Some resorption of the tufts of 
the distal phalanges, particularly. of the first and 
third fingers, 1s present. Soft tissue ไท the peri- 
articular regions and vessels is calcified. No definite 
evidence of rickets is seen in the radius and ulna, 
although the epiphyseal cartilages of the first 
metacarpal and of all of the proximal phalanges 
appear slightly widened. The bones are dense with 
areas of rarefaction scattered throughout. 
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TABLE V 
EVALUATION OF ROENTGENOGRAMS OF 27 CHILDREN WITH RICKETS 
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Group 
{Fraser Subpert- Periosteal Widened — Fraying 
and . No.ot Deminer- Dense Coarse Pseudo- osteal New Bowing Epiphyseal — and Rosary Hone Age 
Salter Patients alization Bonés Texture Fracture Resorption Bone Cartilage Cupping 
Classif- 
cationsiš) 
Lc I 1: 1 ห E €— 0 - - Marked I t 1 I Not evaluated 
D 2 2 con I i Roentgen- i i 2 2 I 2 delayed 
ograms 
inadequate 
H. ร ร 1 ๐ m Io 1 0 o 4 7 5 7 5 delayed 
HIE A 
a ic 5 ย 3 EE - 3 8 9 7 7 3 delayed 
I 1 
Partial — No toent- 
genogram 
(il t Ta om 2 n — = 1 1 1 Delaved 
aii) x — — 7 - = — —- ร 0 ฏ / น mA No roent- Marked delay 
genogram 
(1v) I I I | 0007 - I — 7 ไฟ ป ฬ ห t I oo Marked delay 


ulna and proximal humerus following. In 1 
patient, the distal femur and proximal tibia 
showed definite disease, but the distal radii 
and ulnae appeared normal (Fig. 14, 4 and 
D). The other patients had more severe dis- 
ease with most of the bones involved. 

Another factor influencing the cartilage 
thickness and rachitic changes ts stress. In 
the normal child the femoral epiphyseal 
cartilage on the medial aspect is thicker 
than the lateral because of more stress 
during weight-bearing. In mild rickets, the 
initial stages of the disease may be obvious 
only in the medial metaphyseal area of the 
femur (Fig. 15, 4 and 5B). Cattev® stated 
that infants who crawl and thus bear more 
weight on their upper extremities may have 
greater rachitic changes in the distal radius 
or ulna than in the distal femur. 

In 7 patients, the metaphvses of the long 
bones together with the costochondral 
junction were frayed and cupped. Bones of 
increased density and thickness, as well as 
those of diminished density, showed bend- 
ing of varying degree in 8 patients. Of par- 
ticular interest in this group was excessive 
periosteal bone formation, particularly at 
the sites of muscle, ligamentous, or tendin- 
ous insertions. This increased with the age 
of the child. In some instances this prolifer- 
ation produced exostotic growth of the type 
seen in the adult patients with osteomala- 
cia. The extra ossification centers about the 
'adiocarpal articulations and other joints 


were not seen in any of the children. In the 
wrist of 1 patient, however, extra centers 
developed after the epiphyses had closed. 
The first manifestation was a small exosto- 
tic growth arising from the ulnar side of the 
cadial epiphysis, which then became de- 
tached. Pseudofractures did not occur in 





Fic. 12. Same patient as in Figure 11. Roentgeno- 
gram shows extensive calcification about the acro- 
mioclavicular joints and at the ends of the ribs. 
Slipping of the heads of both humeri is present. 
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any of the 10 patients. The bone age was 
delaved in 3. 

lwo patients with more severe renal 
tubular dysfunction were ' One had 
amino-aciduriz (Type nr A, i) and the 
other, amino-aciduria € acidosis in addi- 
tion to hvperphosphaturia and glucosuria 
(Type nn A, in). These patients had the 
typical rachitie changes of demineraliza- 
tion, widened epiphyseal cartilage, and 
metaphyseal fraving and cupping. Pseudo- 
fractures, subperiosteal resorption, or ex- 
cessive periosteal bone formation were ab- 
sent. Bone maturation was markedly re- 
tarded. The patient with acidosis also had 
nephrocalcinosis, which is common in this 
disease. 

One patient with severe, generalized tub- 
ular c m defect and cvstine storage 
disease (Fancori syndrome, Debré-deToni- 
Fanconi syndrome, Type imi, A, iv) had 





: ว severe renal glomerular damage in addition 
lic. 13. Same patient as in Tigure 11, Bilateral to the renal tubular defect (Fig. 16, Z and 
slipped femoral eprphyses. B). The bone abnormalities were dose seen 





เถ ง D SI p M ae of pue on dd d c: MA w hich c 
epiphyseal cartilages of the proximal and distal ends of the tra. (B 
cartilage reverted to normal thickness and areas of increased Censity are seen in the region with zones of 
provisional caleification, (C) The elongation of the skull is produced by premature synostosis of the 
sagittal suture. (D) In the roentgenogram of the wrist, the cartilage of tae epiphyseal plate appears of 
normal width, which is in contrast to that of the femoral and tibial epiphyseal cartilage, mentioned in Z. 


can E seen toa eee ท ร in nds 
) With. treatment, the epiphyseal 
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with chronic renal glomerular damage. 
: ;vidence of rickets in the me taphyseal area 
of the distal end of the femur in association 


with subperiosteal cortical resorption of 


the phalanges indicated secondary hyper- 
parathyroidism. In primary. hy perpara- 
thyroidism, subperiosteal resorption is pres- 
ent but there | is no evidence of rickets or 
osteomalacia. The bones varied in density 
as seen in patients with chronic renal 
glomerular damage. 


DISCUSSION 


From this study it is apparent that osteo- 
malacia or rickets presents 3 distinct 
roentgen patterns. These patterns are de- 
pendent upon the basic metabolic. defect 
responsible for the bone disease. 

I. Malabsorption and Dietary Deficiencies. 
This group usually shows the classic de- 
creased densitv of the skeleton which in- 
volves both the peripheral and the axial 
skeleton, as well as the cortex and the 
spongiosa. About half of the patients in this 
group had pseudofractures which, when 
tvpical in location, were considered patho- 


gnomonic of the disease. Surprisingly, 5 of 


ds 1 a h ad roentgen signs of DIT 


ous ; reports of m y 0 roid- 
ism associated with malabsorption osteo- 


malacia have appeared in the litera- 
ture," but it has been considered an un- 


usual finding. To detect early hyperpara- 
thyroidism, 1t 1s necessary that roentgeno- 
grams of he hands be obtained, preterably 

without intensify ing screens, Resonpeon1 is 
usually initially present along the radial 
surface at the base of the shaft of the mid- 
dle phalanges. In some cases, all of the 
middle phalanges are involved, whereas in 
others, onlv one finger of one hand mav 
show resorption. The compact structure of 
the involved cortex frequently develops 
vertical striations and the outer surtace be- 
comes roughened.? Subperiosteal resorp- 
tion mav be seen 1n other sites, such as the 
lamina dura of the jaws, distal ends of the 
radius or ulna, proximal medial tibia, ends 
of the clavicle, neck of the femur, posterior 
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Fic. 15. (4 and B) Osteomalacia due to renal 
tubular insufficiency resulting in phosphate deple- 
tion (vitamin D.resistant osteomalacia). Widening 
of the epiphyseal cartilages of the distal end of the 
femora and of the proximal and distal ends of the 
tibiae is seen almost exclusively along the medial 
aspects. The bones are dense. 


and inferior margins of the calcaneus, and 
in the upper border of the ribs. In severe 
cases, subperiosteal resorption may involve 
the cortex of most of the bones. Two of the 
patients with hyperparathvroid bone 
changes did not have pseudofractures. 
Primary hyperparathyroidism might have 
been suspected had the clinical and labora- 
torv data not been available. 

Two children with biliary atresia had 
clubbing of the fingers in addition to the 
usual signs of rickets. Both clubbing and 
rickets, or osteomalacia, are seen in severe 
liver disease. 

II. Renal Tubular Insufficiency (Vitamin 
D-Resistant Osteomalacia or Rickets). The 
simple, mild type with the reabsorption de- 
fect limited to phosphate and sometimes to 
glucose is by far the more common. It was 
present in all of the adults and in 10 of the 
13 children. In our experience, slightly more 
than half of the adults and children had 
bones of increased, rather than of de- 
creased, densitv. This was never seen in the 
malabsorption or dietary cases. The diame- 
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ter of the bones in these patients was usu- 
allv wider than normal. The cortex of the 
shafts in some regions was thick and had 
lost the homogeneous density normally seen 
in the compact bone. It was thin in the 
metaphyseal regions where thick trabeculae 
abounded (Fig. 7). 

The calvarium was thick, and fre- 
quentlv, hvperostosis adjacent to the inner 
table was present. 

We assume that the increased density is 
the result of over-abundance of bone matrix 
which is incompletely calcified. The total 
amount of calcium salts, however, exceeds 
that in normal bones which, although hav- 
ing less matrix, are well calcified. It has 
been demonstrated that in osteomalacia 


trabeculae with uncalcified osteoid borders 
are resistant to resorption and thus tend to 
become thick.” 

The simple tubular insufficiencies are 
frequently mild, not becoming clinically 
perceptible until late in childhood or until 
adult lite!" The mineral depletion may be 
sufthcient to stunt growth and produce 
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Fis. 16. Vitamin D-refractory 
rickets and cystine storage 
disease in a child. (4) Evi- 
dence of rickets is mani- 
fested by thick epiphyseal 
cartilage as seen in only the 
distal end of the femur. The 
patient had severe renal 
glomerular damage in addi- 
tion to the renal tubular de- 
fect, producing increased 
density of the bones and 
subperiosteal resorption, 
This is not well reproduced 
but in B, the tufts of the 
distal phalanges of the sec- 
ond, fourth, and fifth fingers 
show evidence of subperios- 
teal resorption. The medial 
aspect of the proximal end of 
the tibia also showed sub- 
periosteal resorption. 


bending deformities, but the over-abund- 
ance of bone matrix tends to compensate 
for structural inadequacies. Pseudofrac- 
tures may occur in patients with increased 
or decreased bone density. Pseudofractures 
are not common in any type of rickets. 

Accessory ossicles about joints, and 
exostotic growths and spurs at tendinous 
and ligamentous insertions are common in 
only this form of osteomalacia (Fig. 8, 4 
and 5; and 9). 

These ossicles and exostotic growths 
were seen in § of 7 adults examined. The 
accessory ossicles were most frequent in the 
space adjacent to the radius, ulna, and 
carpal bones, but did occur in other joints, 
often associated with articular cartilage 
narrowing. Similar ossicles about the 
g of 20 patients with hyperphosphaturia 
and osteomalacia associated with Wilson’s 
disease. In our study, these lesions were not 
present in young children. In 1 child who 
was followed for several vears, thev de- 
veloped after the ulnar and radial epiphyses 
had fused. Small spurs developed from the 
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radius which later became detached. Most 
likelv, the spurs and exostotic growths are 
the result of stress to excessivelv active 
bone that has become weakened bv de- 
pleted mineral stores.” Fairbank” observed 
that in resistant or continued rickets, exos- 
totic growths of the medial surfaces of the 
upper tibia are more frequent than in ordi- 
nary rickets. Premature synostosis of the 
sagittal suture was present in 2 adults and 
2 children. The synostosis was found on 
routine roentgen examinations of the skele- 
ton and did not produce symptoms. 

The more extensive renal tubular defects 
of amino acids, protein, fixed base, and in 
1 case, cystine storage (Debré-deToni- 
Fanconi svndrome) were associated with 
these defects. Dense bones, Joint ossicles, or 
localized overgrowths were not present 
(Fig. 16, 4 and B). 

IH I. Chronic Renal Glomerular Failure. 
The skeletal roentgenograms of children 
only were evaluated. Their lesions อ อ ท - 
sisted of two separate entities, rickets and 
with unfused epiphyses had rickets and all 
but 2 of the 11 had hyperparathyroid bone 
disease (osteitis fibrosa). One patient had 
pseudofractures. In these respects they 
were similar to some patients with vitamin 
D deficiency, or malabsorption rickets, or 
osteomalacia. The 11 patients with renal 
failure had a greater propensity toward 
hvperparathvroid bone lesions than those 
with other forms of rickets or osteomalacia. 
When present, the lesions tended to be more 
advanced. Also, the bones varied เท density, 
particularly in the metaphyses of the long 
bones, being sclerotic in some areas and 
demineralized in other adjacent areas. This 
is the only form of osteomalacia or rickets 
in which this irregular mineralization 1s 
seen. The sclerotic lesions were not sym- 
metric. The vertebral bodies in some cases 
showed similar changes with the upper and 
lower portions presenting horizontal bands 
of increased density and the central part 
being relatively radiolucent. Occasionally, 
rickets alone was an early finding in renal 
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glomerular failure. As the kidney disease 
progressed, roentgen signs of rickets sub- 
sided while signs of secondary hyperpara- 
thvroidism occurred or progressed. On au- 
topsy studies of patients with renal disease, 
Gilmour! found that in the 3 in whom 
parathyroid hypertrophy was greatest, the 
rickets in both bone and cartilage had 
healed; however, the deformities of endo- 
chondral ossification which had formed 
while the rickets was active had remained. 
In 2 other patients with less hypertrophy, 
the rickets had remained active in the bone 
but healed in the cartilage. The microscopic 
sections of the bones of all $ patients 
showed evidence of osteitis fibrosa. Gilmour 
observed that as the glands enlarged, rickets 
which had been active in both bone and 
cartilage became healed first in cartilage 
and finally in bone. 

Metastatic calcification of the soft tis- 
sues, excluding the kidneys, was present 1 ท 
only 3 cases. It involved vessels and other 
soft tissues, particularly about joints in all 
3, and the anterior ends of the ribs in 1. 
Calcification of the soft tissues is always 
associated with marked hypertrophy of the 
parathyroids and with osteitis fibrosa. Gil- 
mour stated that the available evidence 
suggests that when renal osteodystrophy 
is associated with metastatic calcification, 
the rickets is healed. This was not com- 
pletely true in 1 of our patients who had 
extensive soft tissue calcification and slight 
residual signs of rickets.!? 

In 1 patient, calcification of the vessels 
decreased as did the subperiosteal resorp- 
tion of the phalanges when the patient was 
placed on a low phosphate diet. Subse- 
quently, the vascular calcifications de- 
creased further, but subperiosteal resorp- 
tion returned. Growth and maturation were 
retarded in most patients, with growth be- 
ing the more severely affected. In 1 patient 
with normal maturation, the tubular bones 
of the hands were extremely short. 

The etiology of the increased density of 
the skeleton in osteomalacia has provided 
considerable discussion in the literature. 
The density that occurs in simple vitamin 
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D-resistant rickets or vitamin D.resistant 
osteomalacia is readily explained on the 
basis of excess bone which more than com- 
pensates for the incomplete calcification. In 
these cases, the density of the skeletal bone 
is relatively uniform. 

In chronic renal glomerular failure, two 
mechanisms may be responsible. (1) In 
some patients, mainly children, spongy 
bone shows patchy areas of increased den- 
sity. These lesions are not symmetric and 
are associated with su bperiosteal resorption 
of the phalanges or other evidence of hvper- 
parathyroidism. At necropsy or biopsy, 
hyperplastic parathyroid glands are pres- 
ent. Roentgenologically, the lesions are 
similar to those in primary hyperparathy- 
roidism that have healed after surgical 
removal of a parathyroid adenoma, or in 
rare cases that present sclerotic lesions? ben 
The effect of parathyroid hormone upon 
bone is primarily due to replacement. of 
bone by osteoclasts, vascular fibrous tissue, 
and osteoid with varving calcification. Usu- 
allv, destruction predominates so that on 
roentgenograms the effects of destruction 
are visible. If the adenoma is removed, the 
destructive lesions heal with an over-pro- 
duction of bone, presenting dense areas 
roentgenographicallv. Rats treated with 
parathyroid hormone also initially show 
radiolucent lesions, primarilv in the meta- 
physes, but with continued treatment these 
lesions become more dense than normal 
bone. The lesions in hyperparathyroidism 
are usually not uniformly distributed, 
which is true also of the patchy lesions in 
some cases of chronic glomerular failure. It 
would thus seem likely that the irregular 
sclerotic lesions of chronic renal disease 
represent secondary hyperparathyroidism 
in which the healing phase predominates. 
The bones in these cases do show evidence 
of subperiosteal resorption, indicating that 
destruction still predominates in some corti- 
cal areas. Similar sclerotic lesions are seen 
in various blood dvscrasias associated with 
myelofibrosis, although the typical dense 
horizontal bands at the upper and lower 
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margins of the vertebral bodies are absent. 

(2) Other patients with glomerular fail- 
ure, usually adults, show a uniform sclero- 
sis of the skeleton.’ The roentgenograms of 
these patients do not demonstrate evidence 
of hyperparathyroid bone disease and at 
necropsy t the parathyroids are not enlarged. 
No transverse bands of the vertebral bodies 
are seen. The sclerosis in these patients ap- 
pears to be the result of healed osteomala- 
cia. It resembles in some respects the dense 
bones seen in osteomalacia due to renal 
tubular insufficiency. It is also possible that 
myelofibrosis with osseous metaplasia may 
be a factor. In some instances, as is fre- 
quentlv true in mvelofibrosis, the increase 
in density is limited to the spine and pelvis. 
Mvelofibrosis may result from the inhala- 
tion or ingestion of toxic chemicals (ben- 
zine, etc.), or be associated with leukemia 
or anemia. In chronic glomerular failure, 
the retained by -products of metabolism 
may be considered toxic to the tissues, in- 
cluding the bone marrow, and all of these 
patients have anemia of varying severity. 

Other unexplained features of chronic 
glomerular failure previously described, but 
not reviewed in this study, are overgrowth 
of the mandible and maxilla," and elonga- 
tion. of the extremities in te ล ล ก to the 
trunk.? 

The metabolic error in vitamin D.resist- 
ant rickets (renal tubular insufficiencv) or 
in osteomalacia has been investigated ex- 
tensively. Albright and Reifensteint ex- 
pressed the belief that it was caused by 
faulty intestinal absorption of calcium and 
that the phosphaturia was the result of 
secondary hy perparathyroidism. Dent? was 
of the opinion that a primary loss of phos- 
phorus in the urine was due to decreased 
renal tubular resorption. Dent and Har- 
ris," however, have recently agreed that 
some defect of intestinal absorption must 
also be present in addition to the tubular 
defect. Jackson and co-workers," in review- 
ing both theories, stated that Albrehit and 
Reifenstein’s was the more plausible, al- 
though more than one varietv of resistant 
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osteomalacia may exist. Parathyroid hyper- 
plasia, found occasionallv on exploration, is 
difficult to reconcile with the roentgen find- 
ings in the patients of this study and in 
others who were seen but not included. In 
our experience, roentgenograms showed no 
signs of osteitis fibrosa in patients with 
vitamin D-resistant osteomalacia or rickets 
whose renal glomerular function was nor- 
mal. In vitamin D deficiency with chronic 
renal failure, however, osteitis fibrosa was 
frequent. 


SUMMARY 


Osteomalacia 1s a disorder of bone tissue 
in which calcium salts have failed to deposit 
promptly in the formed bone matrix. In 
growing children, additionally impaired 
calcification of maturing cartilage at the 
zone of provisional calcification causes re- 
tarded endochondral ossification, known as 
rickets. 

Osteomalacia or rickets presents 3 
tinct roentgen patterns. 

Malabsorption and Dietary Deficien- 
cies. This group usually shows the classic 
decreased density of the skeleton involving 
both the peripheral and axial portions as 
well as the cortex and spongiosa. About 
half of the patients in this group have 
pseudofractures. In $ of our 17 adults, 
roentgenographic signs of hy perparathy- 
roidism were present, due to secondary 
hy " of the parathyroid glands. 

. Renal Tubular Insufficiency (Vitamin 
D- Resistant Osteomalacia or Rickets). The 
simple, mild type with the resorption de- 
fect limited to phosphate and sometimes to 
glucose 1 is the most common. Density of the 
bones in more than half of the adults and 
children was increased rather than de- 
creased. The bones in these cases of in- 
creased density were usually wider and the 
diaphyseal cortex of the bones thicker than 
normal. Accessory ossicles about the joints 
and exostotic growths and spurs were com- 
mon 1 ท only this form of osteomalacia but 
were not seen in children. In patients with 
more extensive renal tubular defects associ- 


dis- 
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ated with excess excretion of amino acids, 
protein and fixed base, no dense bones, 
joint ossicles, or localized outgrowths were 
present. 

Only the 10 เท ids group. were port 
ated. Their lesions consisted of two sepa- 
rate entities—rickets and osteitis fibrosa. 
Except for 2 patients, all with unfused epi- 
phvses had rickets and all but 2 of the 11 
patients studied had hyperparathyroid 
bone disease (osteitis fibrosa). In patients 
with renal failure, the propensity toward 
hyperparathyroid bone lesions was greater 
than in those with other forms of rickets or 
osteomalacia. The bones frequently varied 
in density, particularly in the metaphysis of 
long bones. This irregular mineralization is 
seen onlv in this form of osteomalacia or 
rickets. The vertebral bodies in some pa- 
tients showed similar changes with the 
upper and lower portions presenting hori- 
zontal bands of increased density. Occa- 
sionallv, rickets was the only earlv finding. 
As the kidney disease progressed, roentgen 
signs of rickets subsided while signs of 
secondary hyperparathyroidism appeared 
or progressed. 


Howard L. Steinbach, M.D. 
Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco 22, California 
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OSTEOGENESIS IMPERFECTA IN THE ADULT* 


By EMANUEL J. LEVIN, 


M.D. 


BROOKLYN, NEW YORK 





O° SIEOGENESIS imperfecta is a hered- 
itary congenital abnormality charac- 
terized in its classic expression by fragile 
bones, blue sclerae and otosclerosis. These 
manifestations may appear singly, in com- 
bination or mav be undetectable by clinical 
examination. A considerable number of 
those affected die in infancy or childhood 
but many live to an advanced age. It is the 
purpose of this report to call attention to 
the adult with osteogenesis impertec pn 

At the present time there is no histologic 
or chemical procedure'? by which ล diagno- 
sis of osteogenesis imperfecta can be estab- 
lished. Microscopic sections of these bones 
show osteoporosis *5 and the urine con- 
tains decreased quantities of hvdroxy-L.- 
proline? but these are nonspecific abnor- 
malities occurring in other diseases. Osteo- 
genesis imperfecta mav be diagnosed bv its 
classic pattern of hereditary transmission!” 
of one or more elements of the svndrome or 
by the occurrence of multiple fractures 
without adequate trauma dating back to in- 


fancy.^* These fractures mav occur in 
bones which appear normal roentgeno- 


often attenuated 
Oo other disease 


graphically or are more 
and undermineralized. | 





shows this tendency to fracture. 
In the following 11 cases of adult osteo- 


genesis imperfecta, the An was estab- 
lished as follows. In 10 cases there was 
hereditary transmission a one or more ele- 
ments of the three cardinal traits of the 
svndrome. Ín 1 case without known familial 
history there were multiple fractures without 
adequate trauma. This last case probably 
represents a mutation or a phenocopy and 
the distinction may never be made. 
REPORT OF CASES 

Case 1. M.C. is a 60 vear old self- employed 

male wi ith body habitus of average proportions. 


me 





hypomineralized dorso- 


Severely 
lumbar spine with biconcave vertebral bodies. 


Fic. 1. Case r 


He has blue sclerae, impaired hearing and has 
had approximately too fractures. There is min- 
imal limitation of physical activity. Extensive 
metabolic studies added no significant informa- 
tion to the diagnosis of osteogenesis imperfecta. 

Permission for examination was limited to the 
vertebrae, chest and pelvis. There is severe 
hypomineralization resulting in poor roentgeno- 
graphic contrast. Minimal deformity is present 
at the sites of well healed fractures and there is 
protrusio acetabuli. The vertebral bodies are 
biconcave (Fig. 1) and there is severe scoliosis, 


J.C. is a 27 year old school teacher, 
the son of M.C. He has blue sclerae and there 
have been at least 30 fractures, all healing with- 
out deformity and all occurring following minor 


(CASE ff. 
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Fic. 2. Case I1L Long straight slender tibia and 
hbula with numerous growth lines. Poor trabecu- 
lation and slight hypomineralization are demon- 
strated. 


trauma. He is tall and of average physique. The 
bones are somewhat slender (Fig. 2) and many 
show well healed fractures with slight deform- 
ity. There is poor mineralization of the spine 
with minimal biconcavity of the vertebral 
bodies. The lateral roentgenogram of the skull 
shows platybasia and huge frontal, sphenoid 
and mastoid sinuses (Fig. 3). Dentinogenesis 
imperfecta? is severe. 


Case nr, E.O., the propositus in this family 


grouping, is à $3 year old housewife with blue 
sclerae and a history of multiple fractures. Her 


9 


father lived to an advanced age with brittle 


bones. She required hospitalization. because of 


severe pain in the right foot. Roentgenograms 
of the foot demonstrated a pattern compatible 
with atrophv of disuse but no fractures were 
seen. There is severe generalized hypomineral- 
ization of bone with biconcave vertebral bodies 
but the long bones show normal dimensions. A 
lateral projection of the skull shows platybasia. 


Case iv. J.P. is the 48 year old unmarried 
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self-employed brother of E.O. He is of average 
build, wears a hearing aid and has had at least 
20 fractures, The thoracic vertebral bodies show 
compression fractures and are undermineral. 
ized (Fig. 4) while the lumbar bodies have a 
biconcave shape. The sphenoid, frontal and 
mastoid sinuses are unusually large and there 
is platybasia. An unsuspected fresh fracture of 
the olecranon process!" (Fig. 5) was discovered 
during the bone survey. The olecranon process 
was removed and on microscopic examination 
showed only osteoporosis. All the long bones 
have normal dimensions with hypomineraliza- 
tion and a decrease in the prominence of the 
trabecular pattern. 


Case v. M.K. is the 36 year old married 
daughter of E.O. She has blue sclerae but states 
she has had no fractures. A skeletal survey 


demonstrated only a slight scoliosis and all 
bones appeared normal in dimensions, configu- 
ration and mineralization. Her only child has 
blue sclerae and has had two fractures. 


Case vi. M.D. is a 27 year old married female 
of average size. She has blue sclerae, a hearing 
deficit and has had approximately 6 fractures. 
There is an antecedent history of fragile bones 
and her older brother has blue sclerae but she 
does not know whether he has had fractures. 
A to year old son with blue sclerae has had two 
fractures but these may have occurred following 
adequate trauma. Her skeletal survev shows 
slender normally proportioned bones with aver- 





hic. 3. Case 1L Excessively large frontal, sphenoid 
and mastoid sinuses. 


VoL. gt, NO, § 


age mineral content. There is a slight dorsal 


scoliosis with a minimal compression fracture of 


the sixth dorsal vertebra. 


E 


Case vit. A.G. is a 33 year old married female 
of average size who has had about 35 fractures. 
There is an antecedent history of fragile bones 
and her daughter also has osteogenesis imper- 
fecta. The long bones are of average dimensions 
and mineral content but there is shght lateral 
bowing of the femurs and medial bowing of the 
tibias and fibulas. The skull shows platybasia 
and large frontal sphenoid and mastoid sinuses. 
A severe rotatory scoliosis (Fig. 6) prevents 
adequate study of the individual vertebral 
bodies. 


Case vin. F.B. is a 33 year old married male, 
taller than average and with a heavy build. 
There is no known parental history of fractures 
but a daughter has osteogenesis imperfecta. 
He has had about 25 fractures, blue sclerae, and 
has impaired hearing. Roentgenographic studies 
of the spine and skull only were permitted. 


Fic. 4. Case iv. Kyphotic hypomineralized dorsal 
spine with multiple compression fractures. 
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Case iv. Recent fracture of the olecranon 
process, probably an avulsion fracture. Note the 
normal osseous structure. 


Fig. 5. 


There are no fractures demonstrable and the 
vertebrae appear normal. The skull shows large 
frontal, sphenoid and mastoid sinuses and 
platybasia (Fig. 7). 


Case ix. W.S. is a 20 year old unmarried 
male of average height and husky build who 
has had more than 20 fractures without ade- 
quate trauma. There is no known familial his- 
tory of fragile bones. A roentgenographic sur- 
vey shows localized scoliosis of the upper dorsal 
spine, the lumbar vertebrae show a slight bi- 
concavity and the roentgenograms convey a 
distinct impression of osseous hypomineraliza- 
tion. Both femurs (Fig. 8) show moderately 
severe lateral bowing but the remainder of the 
long bones appear to have normal contours, 
dimensions and mineralization. A lateral roent- 
genogram of the skull shows large sphenoid, 
mastoid and frontal sinuses. There is a recent 
central acetabular fracture with comminution 
of fragments. 


Comment. This patient has no familial 
history of the fragile bone svndrome and he 
has no descendents. In the absence of a 
genetic background, this case probably 
represents a mutation. Idiopathic osteo- 
porosis^? is an unlikely consideration in 
this patient since fractures occurred earlv 
in childhood, while fractures in idopathic 
osteoporosis occur after the age of 20 vears 
and are usually confined to the spine. 
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Fic. 6. Case vit. Severe rotatory scoliosis of lum- 
bar spine. The bodies are severely demineralized. 


Case x. LJ. is an adult female with a familial 
history of osteogenesis imperfecta but other 
details of the hi istorv are not obtainable. 
Roentgenograms of an extensive skeletal sur- 
vey show severe bilateral protrusio acetabuli 
with compression fractures of the third and 


fifth lumbar vertebrae. The right humerus 
shows a fracture deformity, there are well 


healed fractures of the left wrist and there is an 
ununited fracture of the left carpal navicular. 
Segmental fractures with nonunion and over- 
riding of fragments are present in the right 


femur and there is severe bowing and nonunion 
of a transverse fracture of the left femur 
(Fig. 9). 


In those areas where severe fracture deform 
ity has not interfered with function, the bones 
have normal dimension and mineral content. 


Case xi. F.M. is an adult male with a familial 
history of osteogenesis imperfecta but further 
information is unavailable. There are multiple 
compression fractures in a severely kvphoscoli- 
otic spine and the pelvis has a triradiate configu- 
‘ation. The a fibula and a radius are 
severely attenuated and there are fracture de- 
formities of the femur. The 


ribs, 


skull is normal in 





J. Levin May, r964 
shape. The architectural pattern and the 


dimensions of the less severely affected bones 
are normal. 


ROENTGEN FEATURES 


Osteogenesis imperfecta in the adult has 
no pathognomonic roentgen findings but 
there are highly suggestive features. Mul. 


tiple fractures of the long bones in osseous 
tissues which are roentgenographically 


normal except for minimal to moderate de- 
grees of undermineralization 1s presumptive 
evidence for the diagnosis of osteogenesis 
imperfecta. This diagnosis is virtually 
certainty when fractures occur in the ab- 
sence of significant trauma. Biconcave 
vertebral bodies as well as compression 
fractures are also a frequent finding and 
severe 2. mav be seen with or without 
intrinsic vertebral abnormality. All frac- 
tures heal with the same degree of rapidity 
as in normal bones and without an in- 
creased incidence of complications. There 
was no example of hyperplastic callus for- 
mation seen in adults. 

Platy basia is known to be a frequent oc- 
currence in osteogenesis imperfecta and was 
found in 4 cases. A feature which is at least 
as frequent b which has never been re- 
ported is the presence of unusually large 
paranasal and mastoid sinuses. In ¢ of these 





Unusually large frontal, sphe- 


lig. 7. Case vin. 
noid and mastoid sinuses. Phere is platy basia, 
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11 cases the sinuses were as large as those 
expected to be found in acromegalv. 

All patients were more than 155 cm. tall 
except Cases x and xi, where the height 
was unknown. In these last 2 cases the 
bones were attenuated onlv where fractures 
and deformity were severe; where there was 
little or no deformity the ones had normal 
diameters. In the first 9 cases all bones were 
within the normal range of size and the cor- 
tex appeared to be of normal thickness. 
There was, however, a distinct impression 
conveved of hvpomineralization and a de- 
crease in the trabecular pattern of most 
bones. 


DISCUSSION 


In virtually everv textbook other than in 
those genetically © oriented, osteogenesis 
imperfecta 1s treated as ล group of closely 
related diseases. Within the past few vears, 
geneticists have demonstrated that these 
svndromes with multiple clinical and epo- 
nvmic designations | ' manifes- 
tations of a single disease." They have 
shown that osteogenesis เศ ซ์ id is a 
non-sex linked autosomal dominant heredi- 





Fic. 8. Case ix. Lateral bowing of both femurs. 
The osseous structures appear normal. 
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Fic. 9. Case x. Severe lateral bowing of femur 
with nonunion of a transverse fracture. 


tary disease with high penetrance and 
wide expressivity. The only deviation from 
this hereditary pattern Is the rare occur- 
rence of de novo mutations. As a rule these 
cases are severe and the patients die in the 
neonatal period.? Those who survive may 
establish a new lineage also with a great 
แอ ก a a 

osteogenesis ta has not Enos ab- 
normality. It is believed that the complete 
galaxy of expression of this disease is the 
result of a defect in a single gene controlling 
the transformation of immature collagen or 
reticulin to mature connective tissue, ^7? 
It has not been demonstrated whether this 
isa qui alitative or quantitative defect.? The 
defective collagen supplies "inadequate" 
bone matrix? resulting in fragile bone; liga- 
ments and tendons are structurally weak 
resulting in sprains;? the scleral tissues are 
thin and translucent allowing the blue 
coloration of the choroid to show; and 
scoliosis may develop either as a result of 
Lak of spinal ligaments or of vertebral 
fractures. It is also of interest that the only 
known chemical aberration is the decreased 
urinary excretion of hydroxy-L-proline and 
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all other urinary amino acids are unaf- 
fected. Hydroxy-L-proline™ is present in 
large amounts in the collagen protein mole- 
cule and in experimental scurvy with osteo- 
porosis there is also a decrease in the uri- 
nary excretion of this amino acid. 

The variations in penetrance and ex- 
pressivity are controlled by modifying 
genes! but the nature and number of 
these genes are unknown. Environmental 
factors! will also contribute to the severity 
of presentation.of the disease. The simi- 
larity in the genetic constitution or geno- 
type of sibs results'in less intrafamilial than 
extrafamilial variability of expression and 
in sibships there is a distinct tendency for 
similar degrees of severity of manifestation. 

An interesting clinical facet of this prob- 
lem.is the relative insensitivity with which 
these: patients react; to their fractures.! At 
times, minor fractures may pass unnoticed 
as was the avulsion fracture of the ole- 
cranon process in Case 1v. There is, how- 
ever, no abnormality of the nervous system 
and the perception of all types of sensation 
including pain is unimpaired. Because of 
their comprehension and familiarity with 
fractures and the lack of the potentiating 
influences of fear and anxiety on pain, they 
cooperate remarkably well during diagnos- 
tic and therapeutic procedures. 


CONCLUSION 


The gloomy prognosis extended in cases 
of osteogenesis imperfecta is not an accu- 
rate portrayalofthe natural evolution of the 
disease. A considerable but unknown pro- 
portion of those. affected will survive to an 
advanced age, living a useful and produc- 
tive life. Many will have no obvious stig- 
mata of the disease and some may even 
escape detection. The number of fractures 
sustained may be as many as 100 as in Case 
J or there may never be a fracture. The 
possibility of osteogenesis ` imperfecta 
should be considered in any case where mul- 
tiple fractures occur following minor 
trauma regardless of the roentgenographic 
appearance of osseous solidity. In these 
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cases an inquiry into the genetic back- 
ground is indicated. 


Department of Radiology 
Maimonides Hospital 
4802 10th Avenue 
Brooklyn 19, New York 
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SKELETAL MATURATION RATES IN MONGOLISM* 


By A. F. 


ROCHE 


MELBOURNE, AUSTRALIA 


ELATIVELY precise methods of 
assessing skeletal maturity have been 
described by Flory" and Todd.* Standards 
of maturity for use in making assessments 
by these methods have been published by 
several workers of which the most widely 
used are those of Greulich and Pyle." 
Despite the increasing and widespread use 
of these standards in the study of normal 
development, few investigations of skeletal 
maturation rates in disease have been re- 
ported. An analysis of skeletal maturation 
rates in mongolism has been made because 
it could provide valuable information rela- 
tive to the nature, diagnosis and prognosis 
of this condition. 


REVIEW OF LITERATURE 


Carpal Ossification. Some authors report 
that carpal ossification is often advanced 
at birth?” despite the short gestation 
period associated with this disease.” Some 
state that carpal ossification begins at a 
normal age in a majority of mongoloid 
children,!927.1525 but others state that its 
commencement is delayed in a major- 
ity.°!2,28.29.34.37 All of these statements are 
based upon the examination of small groups 
of mongoloids. A wide variation between 
individual mongoloids in age at onset of 
ossification has been reported?!” and, 
consequently, a large body of data must be 
examined before reliable conclusions can 
be drawn. 

Epiphyseal Ossification. Holt" reported 
that epiphyseal ossification began at a 
normal or an early age in almost all mon- 
goloids. Siegert, however, reported that 
the commencement of epiphvseal ossifica- 
tion was delayed in most mongoloids. 

Skeletal Maturation. There is evidence 


that skeletal age is similar to the chrono- 
logical age in almost all mongoloids." In 
the group of 16 mongoloids examined by 
Menghi,? retardation was more marked 
among the males than the females. It has 
been reported that, although a majoritv 
had a skeletal age within 2 s.d. of the mean 
for their chronological age, retardation 
bevond 2 s.d. was present in 44 per cent?” 
and 21 per cent" of two groups of mongo- 
loids. Studies of skeletal maturation rates 
in mongolism have not been reported pre- 
viouslv. 


MATERIAL AND METHODS 


Standardized roentgenograms of the left 
hand-wrist areas of 149 mongoloid children 


parentage were studied. All the mongoloid 
children included in this study lived in 
institutions except 7 males and 7 females, 
aged more than 6 vears, who lived with 
their parents. Assessments were made of 
353 roentgenograms of the males and 444 
of the females. Each roentgenogram had 
been taken within one week of the chrono. 
logical age to which it was assigned, e.g. all 
roentgenograms considered in the 6 vear 
group were taken between the chronological 
ages of § vears 11 months 3 weeks and 6 
vears 1 week. All the roentgenograms were 
made according to the instructions of 
Greulich and Pyle! and each was assessed 
using the Greulich-Pyle hand-wrist stand- 
ards of skeletal maturation. At least two 
serial roentgenograms of each child were 
assessed and the findings were analvsed 
statistically. Some aspects of the recorded 
data were compared with findings concern- 
ing normal white Australian children ob- 
tained during a multi-discipline longitu- 
dinal study.?*?* 


* This investigation was supported financially by the National Health and Medical Research Council of Australia and by the Mental 


Health Research Fund. 
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Fic. 1. 


A graph of skeletal age against chronological age for mongoloid males and females using all the 


recorded data in a cross-sectional manner. The theoretical mean and one standard deviation below the 


mean (males) have been included. 


FINDINGS 
CROSS-SECTIONAL ANALYSIS 

Mean Skeletal Ages. The mean skeletal 
ages, at each chronological age considered, 
have been recorded in Table 1 and have 
been shown graphically in Figure 1. Reli- 
able conclusions cannot be drawn from the 
data recorded at chronological ages less 
than 24 months because the sample sizes 
were small at those ages. At all ages studied, 
the sex differences in mean skeletal ages 
were small in the mongoloids and the mean 
skeletal ages were less than the correspond- 
ing chronological ages. The trend of the 
points plotted on this graph (Fig. 1), relat- 
ing to mongoloids of each sex, can be repre- 
sented reasonably by two straight lines 
that would meet at about the chronological 
age of 6 vears. The lines representing the 
trend of the points for children aged more 
than 6 vears are steeper than the corre- 
sponding lines for vounger mongolotds. 

In Figure 1, the level of 1 s.d. below the 
mean for normal males has been repre- 
sented. For clarity, the corresponding and 


closely similar level for normal temales has 
been omitted. It can be seen that the mean 
skeletal ages of the mongoloids studied 
were close to 1 s.d. below the normal mean, 
except between the chronological ages of 2 
and 7 years when the differences were 
greater. Despite these differences between 
the normal mean skeletal ages and the 
mean skeletal ages of the mongoloid groups, 
there were 7 male and 15 female mongoloids 
in whom, at one or more assessments, the 
skeletal age exceeded the chronological age. 


viations for mongoloid children were larger 
than those for normal children. 

Skeletal Ages of Individual Bones. These 
were analvsed statistically using one record 
of each mongoloid child who had been 
assessed between the chronological ages of 
3 vears § months and 4 years 7 months. For 
each of 18 male and 17 female mongoloids, 
the record was selected which had been 
made closest to the chronological age of 4 
vears. From these records, the mean differ- 
ences between the skeletal ages of indi- 
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vidual bones and the mean skeletal ages on 
the same sides of the same children were 
calculated. Graphs based on these calcula- 
tions are presented in Figures 2 and 3 for 
males and females, respectively. In these 
graphs, the mean differences between the 
skeletal ages of individual bones and the 
mean skeletal age on the same side of the 
same individuals have been recorded, 
together with the range of these differences 
(-F1.5 s.e. to — 1.5 s.e.). Data relating to 
the ulna have been omitted from these 
graphs because it 1s difficult to assign an 
accurate skeletal age to this bone, during 
the chronological age range being con- 
sidered. Data relating to the capitate and 
hamate were included but assessments of 
other carpal bones were omitted because 
they could be made in only a few children 
and these particular children were acceler- 
ated in maturation compared with the re- 
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bones from the mean skeletal ages on the same 
sides of the same male mongoloids. Each vertical 
line represents the mean (๐ ) +1.5 s.e. The numbers 
indicate bones as follows: 
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Metacarpals 


56-10 Proximal Phalanges I-V 
11-14 Middle Phalanges H-V 
15-19 Distal Phalanges I-V 
20 Radius 
21 Capitate 
29 Hamate 


Mongoloid Skeletal Maturation 
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| Males | l'emales 
Chrono- | = 2 UNUS . 
logical | | Mean | Mean 
Age | | Skeletal | Skeletal 
Months | ™ | Age | P | Age 
| | Months | | Months 
12 ก ร ณะ 4 vc $m 
ks DO 11.85 | 1 | 12.16 
18 | 3 | 1225 | 3 | 13.64 
2T | I | 16.81 | 3 IUe 
te dh dy | 14.66 | 2$ 13.45 
27. | 2 | 15.506. 5 23^ 1C 4200 
ga- | 18 | 16.80 | 20 | 16.48 
33. | c | 18.33 | 19 | 18.08 
s6o 2t 4a | 18.57 | 14 19.75 
39 | 04 | 29. 86 | 10 | 19. 36 
42 | 20 | 22.54 | 13 | 23.4! 
45 | 17 | 24 56 | 1§ | 24.12 
48 | 14 | 28.52 | 17 | 26.32 
54 | 37 | 3352 | 19 | 3355 
60- 1 Jg.  40.00- J| - 76: | 39.18 
66 | 19 | 45.66 | 16 | 43.40 
ระ 7: a CA 3: de | 46.67 
84 ป 13 | 68.59 | n Td 
9% | 15 | 78.58 | 12 | 85.40 
108 | 12 | ธร บ อ 0 1 3 | 93:02 
120 | 8 | 108.61 | 13 | 08.81 
3 1 
144 | | 8 | 130.98 | 17. | 132.98 
156 9 | 144.80 | 28 | 144.00 
168 L Gee ส อ ร บ di A9 | 154.36 
ge d. Jo. J361.14- 66 3365.16 
wo 1 $2 490.08 1 op 1199.00 
204 S. 7 35925 j peeve 
216 i 192.20 § 198.88 


n= number, 


mainder of the group. By inspection of 
these graphs, one can visualize the extent of 
the tendency for individual bones to varv 
from the mean skeletal age. It can beseen 
that, in the group of boys studied (Fig. 2), 
there was a tendency for the separate meta- 
carpals and proximal phalanges to be less 
mature as bones progressively closer to the 
ulnar side of the hand were considered. 
Among the girls (Fig. 3), a similar tendency 
was noted in the metacarpals and in the 
proximal, middle and distal phalanges. In 
these graphs, if the intervals from + 1.5 s.e. 
to — 1.5 s.e. overlap for two different bones, 
the difference between the variations ot the 
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TABLE II 


THE MEAN SLOPES OF SKELETAL AGE AGAINST CHRONOLOGICAL AGE IN GRAPHS 
FOR INDIVIDUAL MONGOLOID AND NORMAL” CHILDREN 









Mongoloid Children 
2—4. Assessments 
5 or more Assessments 
Living at Home 

“Normal” Children 


Mongoloid Children 
2—4 Assessments 
5 or more Assessments 
Living at Home 

* Normal" Children 


C.A. 6-+ Years 


Females 


C. A. chronological age; b= mean slope; n= number; s.d.» standard deviation. 


Females 


MEAN + 1-5 xe 0F SKELETAL AGE LEFT (MONTHS) 





Fic. 3. The variation of the skeletal ages of individual 
bones from the mean skeletal ages on the same 
sides of the same female mongoloids. Each vertical 
line represents the mean (o) + 1.5 s.e. The numbers 
correspond to bones in the same way as in Figure 2. 


skeletal ages of these bones from the mean 
skeletal age on the same side of the same 
individuals is not statistically significant at 
the 5 per cent level. For example, in the 
group of mongoloid boys, the variation of 
the skeletal age of the first metacarpal from 
the mean skeletal age on the same side of the 
same individuals is significantly different 
statistically from the corresponding varia- 
tions of the fifth middle phalanx and the 
first and second distal phalanges. 


LONGITUDINAL ANALYSIS 


A graph was drawn to an arithmetic 
scale, of skeletal age against chronological 
age for each mongoloid child. In all the 
graphs, the trend of the plotted points 
could be represented reasonably by a 
straight line. The slight deviations from 
linearity that were present did not occur 
systematically in a particular direction. 
The slopes of the lines used to represent the 
points on these graphs were calculated. 
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These slopes indicated the amount ot 
change in skeletal age per unit of chrono- 
logical age (skeletal maturation rate). The 
means and standard deviations of these 
slopes have been recorded in Table 11 and 
the results of significance tests relative to 
these data have been recorded in Table 
ui Many of the findings that follow are 
based upon an analvsis of these slopes that 
correspond biologicallv to skeletal matura- 
tion rate. 

Data derived from the mean slopes of 
mongoloid children have been separated 
depending on whether thev were derived 
from 2-4 assessments or 5 or more assess- 
ments (Table 11). In both the age groups 
considered and in both males and females, 


the mean differences associated with differ- 
ences in the number of assessments were 


small and they were not statistically sig- 
nificant (Table 111). The relative sizes of the 
means and standard deviations indicated 
that the variances of the slopes of the 
mongoloids assessed 2-4 times were sim- 
ilar to those of the mongoloids assessed § 
or more times. 

For both male and female mongoloids, 
the mean slopes were steeper in the group 
with chronological ages exceeding 6 vears 
than they were in the younger group (Table 
11). These differences were not due to selec- 
tion by death. The results of the "t" tests 
(Table 11) showed that these differences 
were statisticallv significant at the I per 
cent level for both sexes. In calculating 
these “t” tests, the mongoloid data were 
separated according to sex but those 
derived from 2-4 assessments were pooled 
with those derived from § or more assess- 
ments because there were no real differ- 
ences between the mean slopes derived 
from them. The mean slopes and their 
standard deviations, for the mongoloid 
children (13 males, to females) whose serial 
records spanned the chronological age of 6 
years, have been omitted from Table 1. 
The values of the means were intermediate 
between those of the vounger and older 
mongoloid groups. The mean slopes ot the 
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993 
Tasis HI 
SUMMARY OF TESTS FOR SIGNIFICANCE OF DIFFERENCES 
BETWEEN MEAN SLOPES ON GRAPHS OF SKELETAL 
AGE AGAINST CHRONOLOGICAL AGE 
3 Males | Females 
»arison 0 0 
| t dd oo t d.f 
A 4.44" 14 | 491" ig] 
B 0.84 See X5 28 
Hut 14 | o.85 E 
D 4.447 41 | 6.39** 07 
4 4c ว ร ธ | id 1414 1 
y | 0-45 21 | 90.19 44 
F aM PNE EE 43 
A= M, 5 or more assessments and C.A. o-6 years versus 
N. 6 or more assessments and C. A, o-6 years. 
B= M, 2-4 assessments and C.A, o-6 years versus 


M. € or more assessments and C.A. c-b vears, 
C= M, 2-4 assessments and CA, 6+ years versus 
M, 5 or more assessments and C.A. 6+ years. 
with C,À, 0—6 years versus 
M. with C, A, 6+ years. 
E. M. living at home and C.A. 6- years versus 
M, that remain with C, A, 6-F years. 
F= M, 6+4 years versus 
N. 64> years. 


diference in sample means 


from the two samples and n; and ns are the two sample sizes; 
d.f.= degrees of freedom; M. mongoloids; N.= "normal" chil- 
dren; C. A.» chronological age; ** significant at the 155 level; 

= calculated according to the method for unequal variances 
(see Baitgv, N, T. L, Statistical Methods in Biology. John 
Wiley and Sons, New York, 1959). 


mongoloid children living with their par- 
ents were similar to the means for mongo- 
loid children living in institutions (Table 
u) and the differences between them were 
not statistically significant (Table 111). 
The mean slopes of the mongoloid chil- 
dren who had been assessed § or more times 
were compared with those for “normal” 
Australian children using unpublished 
data® for the chronological age range o-6 
vears. ไ was assumed that the linear nature 
of the individual graphs of skeletal age 
against chronological age for "normal" 
children up to the chronological age of 6 
vears would have continued at later ages 
and that the slopes would not have altered. 


The mean slopes of the mongoloid males 
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and females were flatter than those of 
corresponding "normal" children (Table 
un). The differences between the mean 
slopes of the mongoloid and the “normal” 
children were statistically significant at the 
1 per cent level, for both males and females 
in the vounger age groups; the differences 
between the older age groups were not 
statistically significant (Table 11). 

For chronological ages up to 6 vears, the 
variances of the slopes of the graphs for 
individual mongoloid children were greater 
than the corresponding variances for “nor- 
mal" children. Six mongoloid children had 
steeper slopes, on their graphs of skeletal 
age against chronological age, than the 
slopes of any of the "normal" children. 
An examination of the clinical, anthro- 
pometric and psychological records of these 
6 children did not reveal any unusual fea- 
tures that would account for the steepness 
of their slopes. 


CONCLUSION 


The mean skeletal ages of the mongoloids 
who were studied during the present in- 
vestigation were about 1 s.d. below the 
mean for "normal" children, except be- 
tween the chronological ages of 2 vears and 
7 years when greater retardation was noted. 
The retarded skeletal maturity status of 
these children reflects their slow mean 
rates of skeletal maturation. These rates 
were slower than those of "normal" chil- 
dren to an extent that was statistically 
significant for the group aged 0-6 years but 
not for the older group. [t is difficult to 
reconcile these findings with reports that, 
in most mongoloids, ossification of carpal 
bones commenced at a normal age, 917.152 
that epiphyses began to ossifv either at a 
normal or an early age and that the 
skeletal age was similar to the chronological 
age. ^7 The findings reported here do not 
confirm the sex difference in skeletal retar- 
dation noted by Menghi? in 16 assessments 
of skeletal age in mongoloids. 

The cross-sectional and the longitudinal 
analyses provide evidence that skeletal 
maturation proceeds at a slower rate in 
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mongoloids between the chronological ages 
of 2 years and 6 years than in older mongo- 
loids. The differences between the rates of 
skeletal maturation of the two groups are 
highly significant statistically. There is sug- 
gestive evidence in the report of Benda’ 
that corresponding changes might have 
been present in his material. 

It has been shown that, in "normal" 
children, differences in levels of calcium 
intake and differences in illness experience 
were not related to the rate of skeletal 
maturation,’ although "malnutrition" may 
be associated with skeletal retardation.“ 
Assessments of the dietarv intakes of many 
of the mongoloid children studied? indi- 
cated that their levels of intake of essential 
nutrients were similar to those of "normal" 
children. These observations, in addition to 
the fact that there were no real differences 
between the mean rates of skeletal matura- 
tion of mongoloids living at home and those 
of mongoloids living in institutions, make 
it unlikely that dietary factors were re- 
sponsible for the skeletal retardation that 
was noted. 

The ditferences between the mean rates 
of skeletal maturation of mongoloids who 
were assessed 2-4 times and the mean rates 
of skeletal maturation of those who were 
assessed § or more times were not statistic- 
ally significant. Commonly, an individual 
child was assessed only a few times because 
the child was ill with minor infections when 
some assessments were scheduled. The 
findings reported by Cahn and Roche; 
concerning the influence of illness on 
skeletal maturation rates in “normal” chil- 
dren, would lead one to expect the findings 
that were observed during the present 
study. 

In “normal” children the rate of skeletal 
maturation is closely associated with the 
chronological age of attainment of adult 
stature.! The author has been unable to find 
reported data concerning the chronological 
age at which mongoloids cease to increase 
in stature, but Benda’ has stated that, in 
mongoloids, the fusion of epiphyses to 
shafts occurs at a younger age than in nor- 
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mal children. This would not be expected 
from a consideration of the findings re- 
ported in the present paper. 

A close relationship between the rate of 
maturation of the reproductive system and 
the rate of skeletal maturation is well 
established in "normal" children." The 
findings reported in the present paper 
would lead one to expect that menarche 
would be delayed in mongoloid girls. Such 
a delay has been reported,* ^? but Engler’? 
has stated that menarche occurs at a nor- 
mal age in mongoloid girls. It should be 
noted that an early onset of the menopause 
has been reported for mongoloids.*:!" 

Marked variations were noted within the 
mongoloid group studied. There were some 
mongoloids in whom the skeletal age was 
in excess of the chronological age despite 
the fact that the mean skeletal age for the 
group was markedly less than the corre- 
sponding chronological age. The skeletal 
maturation rates were more variable in the 
mongoloid children than in "normal" chil- 
dren and there were some mongoloid chil- 
dren with more rapid rates than any of the 
"normal" children. Some of this variabil- 
ity, within the group of mongoloids, might 
have been due to differences between indi- 
vidual children in the severity of the dis- 
ease. 

The differences between the skeletal ages 
of individual bones and the mean skeletal 
age, on the same side of the same mongo- 
loids, can be compared with corresponding 
data for "normal" children of similar 
chronological age and the same racial 
origin.” The mean variations were smaller 
in the mongoloid males than in the “nor- 
mal" males but no such differences were 
noted between the two groups of females. 
In both males and females, the s.e. of the 
differences were larger in the group of 
mongoloids than in the “normal” group tor 
the majority of the bones studied. The 
tendency in the mongoloids for bones near 
the ulnar side of the hand to be less mature 
than others was present, but was less 
marked, in the "normal" children. A com- 
parison of corresponding individual bones 


Mongoloid Skeletal Maturation 


955 


in the mongoloids and in the "normal" 
children showed wide differences between 
the two groups in the tendencies of particu- 
lar bones to varv from the mean skeletal 
age on the same sides of the same indi- 
viduals. The differences between mongo- 
loid and “normal” children of the same sex 
in this regard are much greater than the sex 
differences present in the groups of mongo- 
loid and "normal" children. 

In mongoloid children of both sexes, the 
mean skeletal age of the fifth middle 
phalanx was less than the mean skeletal 
ages on the same sides of the same indi- 
viduals. The fact that similar findings have 
been reported for "normal" children? 
makes it unlikelv that the relative skeletal 
retardation of this bone is associated with 
the fact that it is commonly hypoplastic in 
mongoloids.* The report of Bullard’ that 
the carpal and forearm bones were more 
retarded than the other bones of the hand- 
wrist area in mongoloids has not been con- 
firmed bv the present studv. 

The evidence relating to the hormonal 
changes associated with mongolism has 
been reviewed recently.*" A consideration 
of the incomplete and sometimes conflicting 
nature of the information available makes 
it clear that the exact nature of these hor- 
monal changes is still uncertain. The retar- 
dation of mean skeletal age and the slow 
mean rates of skeletal maturation reported 
in this paper should be considered in an 
analvsis of the hormonal abnormalities 
associated with this condition. The finding 
that in some mongoloid children the 
skeletal age was advanced and that in some 
the rates of skeletal maturation were un- 
usually rapid, makes it possible that the 
hormonal changes in mongolism might be 
as variable as the clinical signs? 

The diagnostic usefulness of the assess- 
ment of skeletal age in cases of possible 
mongolism must be judged on the basis of 
the cross-sectional findings. These findings 
revealed wide variations between individual 
mongoloids and such assessments are prob- 
ablv of no diagnostic value in relation to 
this disease. There was no indication, in the 
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recorded data; that the prognosis was 
worse in those mongoloids in whom the 
rate of skeletal maturation was very slow. 


SUMMARY 


I. Serial skeletal age assessments of 149 
mongoloid children have been analysed. 

2. The mean skeletal ages of the mongo- 
loid children were about 1 s.d. below the 
mean for normal children at chronological 
ages greater than 7 years. Before the age of 
7 years, the skeletal retardation was 
greater. 

3. In the o-6 years group, the mean rates 
of skeletal maturation were slower than in 
the "normal" children to a statistically 
significant extent. The differences between 
the mean rates of older mongoloids and 
“normal” children were not significant. 

4. There were statistically significant dif- 
ferences between the mean skeletal matura- 
tion rates of mongoloids aged 0-6 years and 
those aged 6+ years. 

5. The variances of skeletal maturation 
rates were greater in mongoloid children 
than in normal children. 

6. The differences between the skeletal 
ages of individual bones and the mean 
skeletal age on the same sides of the same 
individuals have been compared with cor- 
responding data for "normal" children. 

7. The significance of these findings has 
been discussed. 
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HYPEROSTOSIS OF THE VAULT OF THE SKULL 
IN ACROMEGALY* 


By G. F. GARUSI, M.D. 


BOLOGNA, ITALY 


| author's purpose is to present an 
analysis, from a morphologic point of 
view, of hyperostosis of the cranial vault in 
acromegaly with the object of: (a) describ- 
ing the various characteristics concerning 
the structure of the skull, the site and the 
extent of the process; and (b) evaluating, if 
feasible, possible relationships with other 
changes found in the acromegalic skull. 

Among the various changes in the skele- 
ton that make up the typical picture of 
acromegaly, the modifications of the cra- 
nium have been the subject of numerous 
studies. In these descriptions, excepting the 
classic malformation of the sella turcica, 
which, moreover, is not always pres- 
ent,^512J3 attention is paid mostly to the 
facial bones, the mandible and the parana- 
sal cavities. As regards the cranial vault, 
the description is usually limited to the pos- 
sible presence of thickening, sometimes 
associated in advanced cases with general- 
ized osteoporosis. Other authors" are of the 
opinion that the cranial vault is, for the 
most part, of normal thickness, and that 
skull abnormalities in acromegaly are, as 
far as can be ascertained roentgenographi- 
cally, confined to its visceral portion. 

More detailed descriptions of hyperosto- 
sis of the cranial vault in acromegaly are 
comparatively rare. Naito and Schüller!’ 
presented a case with hyperostosis of the 
entire calvaria, Cushing and Davidoff*$ 
described 1 case and Allison and co-workers! 
another. Henschen,*? reporting on a short 
survey of the changes of the calvaria in 
acromegaly in 20 patients with a summary 
of 25 to 30 other cases— partly from personal 
observations and partly from the literature 
— found a change of the inner surface of the 
skull resembling hyperostosis frontalis in- 


terna in at least I4 cases, with a definite 
preponderance in females. 

In 1938, Troell! reported 2 cases with the 
Morgagni syndrome complicated with 
acromegaly and thyrotoxicosis. Three other 
similar cases were reported in the same 
year by Junet.! From an anatomicopatho- 
logic standpoint, Junet concluded that in 
acromegaly associated with a goiter, the 
osteogenic and cartilaginous phenomena 
(with the exception of articular cartilage) 
are less pronounced than in acromegaly 
alone.5 To the cases reported by these 2 
authors, Moore, in 1953, added 6 other 
personal cases which showed the coexist- 
ence of acromegaly, hyperostosis of the 
cranial vault, toxic goiter or simple thyro- 
toxicosis and diabetes mellitus (Table 1). 
These combined findings, which he proposes 
calling the “Troell-Junet syndrome,” are a 
fairly well-defined pathologic entity rather 
than a purely casual association. 

Subsequently, in a recapitulatory mono- 
graph of his long study อ ท hyperostosis 
cranii (1955), Moore again analyzed the 
incidence of cranial hyperostosis in a fairly 
large group of acromegalic patients (Table 
I1). He feels that a disorder of the pituitary 
gland may be the common source of acro- 
megaly and idiopathic hyperostosis; that 
the two conditions may coexist, but that 
the pathogenesis of isolated idiopathic 
hyperostosis of the skull undoubtedly differs 
from that of the skeletal changes of acro- 
megaly. 

In this regard consideration should be 
given to: (a) the completely different 
clinical aspect of the two diseases; (b) the 
systemic changes of the skeleton as well as 
of the connective tissue in acromegaly, as 
compared to cranial hyperostosis, in which 


* From Istituto di Radiologia dell'Università di Bologna. Direttore: Prof. Vincenzo Bollini. 
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Tagu I 


DESCRIPTION OF CASES REPORTED BY TROELL, TUNET AND MOORE 





Cranial Hyperostosis 
tentity and type) 


Acro- | 
megaly | 


+ (hyperostosis frontalis 


Troell5 | V | 47 
| | interna) 


Findings at. | 
Operation or | 
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Toxic Goiter 
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Thyrotoxicosis 


: Diabetes 


: : : Other Data 
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| adenoma 
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- (no findings- hyperosto- 
sis calvariae diffusa) 


the process is quite localized; and (c) the 
difference in sex distribution of the 2 dis- 
eases. 

Henschen,*? too, maintains that cal. 
varial changes found in acromegaly differ 
somewhat from typical hvperostosis fron- 
talis interna, both morphologically and in 
the topographic distribution. 

Among the more recent studies on skeletal 
alterations caused by acromegaly is the one 
by Juliant and Mauri? In a group of 24 
patients (16 women and 8 men) with ages 
varving between 26 and 61 vears they found 
hyperostosis of the internal frontal table in 
10 cases, dittuse thickening of the diploé and 
hvperostosis of the internal and external 
tables in 6 cases, and in 2 patients a typical 
picture of hvperostosis frontalis interna. 


i+ Basal metabolism 


405% plus 


The association of acromegaly and hyper- 
ostosis frontalis interna or hyperostosis 


Tanrg H 


INCIDENCE OF ACROMEGALY ASSOCIATED WITH 
CRANIAL HYPEROSTOSIS AS REPORTED 
BY MOORE 
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| +Hyper- 
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Note: The ages of Moore's patients ranged from 17 to sg 
years in males and 18 to 53 vears in females. 
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calvariae diffusa has also been described by 
Elegast," who recently reported a charac- 
teristic case. 

The coexistence of thyroid changes with 
acromegalic disease has been noted rather 
frequently. Cushing! reported a case of 
acromegaly with a voluminous substernal 
goiter; Atkinson,’ in an analysis of reported 
— cases of acromegaly, found that 
only 1§ per cent had a normal thyroid; 
Davis? maet that £o per cent of 166 cases 
of acromegalv had thvroid enlargement; 
and Moore” found the combination of thy- 
roid toxicity and acromegaly in 3 of his 
cases, 


MATERIAL 


Our observations are based on a studv of 


a group of 27 acromegalic patients, 14 
males and 13 females. In the males, the ages 
ranged from 27 to 65 vears, with an average 
of 45 vears; in the females, the ages ranged 
from 14 to 65 vears, averaging 42 years. 
The somatic changes characteristic. of 
acromegaly were present in all these pa- 
tients although thev were more pronounced 
in some cases than others. There existed in 
several of the patients endocrine and sen- 
sorial disorders (ocular disturbances, vio- 
lent headache), psychic asthenia, and de- 
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pression as well as complaints typical of 
hypophyseal disease. Violent headaches and 
osteoarticular pains were more frequent in 
women. Along with menstrual disturbances, 
diffuse adiposity was observed in 3 cases 

Hyperthyroidism was present in 1 male 
and 1 female, a slight goiter in 1 woman 
(uptake of I9', 66 per cent at 24 hours) and 
moderate hyperthyroidism in 2 other 
women. The glycemia levels in the cases 
examined appeared to be within normal 
limits. 

Roentgenologically, besides the skull 
changes, which will be more fully described 
below, symmetric gigantism of the extremi- 
ties and, in almost one-third of the cases, 
vertebral changes typical of acromegaly 
(platyspondylia and megaspondvlia, Erd- 


heim-tvpe modification, kyphosis) were 
present. 
SITE AND DISTRIBUTION 


Hyperostosis of the skull is generally 
diffuse, sometimes with varving thickness in 
different areas. In the order of frequency 
and degree, the process affects the frontal 
bones, the occipital bone and the parietal 
bones. The process seems, less often, to be 
localized, isolated or predominan dy in the 
frontal bone (Fig. 1,7; 2.7; and 3, 4 and B). 





Fic. 


1. Varying distribution and findings in cranial hyperostosis. (4) Male, aged 4¢ vears, showing localized 
thickening of the internal table of the frontal bone. (B) Woman, aged fo years, showing diffuse thickening 
of the cranial vault with areas of hvperostosis of the internal frontal table. 
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Fic. 2. Different aspects of hvperostosis of the cranial vault, in two right-angled projections. (.7) Woman, 


bun] 


aged $3 years, showing thickening of the frontal diploé with "scvthe" appearance. (B) Same patient as in 
T. Anteroposterior roentgenogram showing considerable hyperpneumatization of the frontal sinuses, 
especially on the right. (C) Man, aged $8 years, showing diffuse thickening of the cranial diploé with initial 
signs of increased density of the internal table; no hvperpneumatization of the frontal sinuses is evident. 


the top and decreases symmetrically on both sides. 


The latter finding occurs in both sexes, 
though more frequently in women. 

The greater incidence of hvperostosis of 
the frontal bone, at times affecting onlv the 
internal table and the diploé, and at other 
times occurring diffusely over the external 
table, 1s quite suggestive not onlv of Mor- 
gagni's syndrome, but also of certain cases 
of Paget’s disease, fibrous osteitis and 
Cooley’s disease. The pathogenetic reasons 
tor this zonal electivity might be because of 
possible difference in vascularization in the 
bones of the skull. 

In ascertaining the extent of hyperostosis, 
use of roentgenograms in both right angle 


proJections, sometimes completed bv tan- 
gential studies, 1s necessary. Superimposi- 
tion of images, a difference in skull curva- 
ture, and the combination of various pro- 


jective effects may sometimes give a false 


impression. Accurate evaluation of hyper- 
ostosis can be deduced only by combined 
visualization. For a detailed examination of 
the structures of the various parts of the 
vault of the skull, plesioroentgenography 
may also be of value. 

In the present series, skull hvperostosis 
was found in 1 ๐ of the 14 males (1 case with 
frontal hvperostosis, 5 with ditfuse hyper- 
ostosis, 4 cases with a combination of diffuse 
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Internal frontal hvperostosis in acromegaly. (A) Man, aged £3 vears, showing widespread thickening 
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vault of moderate degree with evident increased density of the frontal bone. (B) Woman, 


ged SO years, showing the typical Morgagni syndrome combined with acromegaly as well as internal 


a 
frontal hyperostosis of the tuberous type. 


and frontal hvperostosis) and in 11 of the 13 
temales (6 with frontal hvperostosis, 5 


diffuse and 1 combined). 


RELATIONSHIP BETWEEN THE EXTENT OF 
HYPEROSTOSIS OF THE SKULL AND 


DEVELOPMENT OF OTHER CRANIAL 
BONES AND BETWEEN FRONTAL 
HYPEROSTOSIS AND DEVELOPMENT 
OF FRONTAL SINUSES 


From a comparative analvsis of the 
roentgenograms of the skull of our patients, 
we tried to determine whether a relation- 
ship exists between the hyperostotic process 
of the vault and the dev elopment of the 
facial bones and frontal sinuses. There 
appears to be a certain proportional ratio 
between the development of the facial 
bones and the extent of skull thickening, 
especially in 0 hvperostosis and in 
males (lig. 5). This ratio, however, is not 
necessari ilv constant or ๓ ล อ ca. since, 
although patients with thickened and dense 
skulls generally showed considerable de- 
v elopment of the facial bone, marked facial 
development was also noted in patients 
with osteoporotic skulls of average thickness 
(Fig. 6, Æ and B). 


The degree of pneumatization of the 
frontal sinuses generally was not found to 
be proportional to the frontal hy perostotic 
process. In some cases, however, in which 
there was a uniform thickening of the diploZ, 
limited to or predominant in the frontal 
bone, with moderate osteoporosis in large 
patches and without tuberosity or thicken- 
ing of the internal table, an abnormal de- 
velopment of the frontal sinuses was noted 
(Fig. 2, 4 and B). One might suppose from 
these findings that there mav exist a causal 
oak Xu the two 0 in th at the 


ning of Ur OSSeous ean may stimu- 
late pneumatization of the frontal sinuses, 
probably due to osteoclastic and reabsorp- 
tion activity. This is also suggested from 
observations of the abnormal development 
of the frontal sinuses in certain cases of 
Paget’s disease (Fig. 7) and in some cases of 
polyostotic fibrous dvsplasia.?!* 
MORPHOLOGIC FEATURES OF 
HYPEROSTOSIS OF THE SKULL 
The structural aspect of the hvperostotic 
skull may vary to a certain extent. This is 
determined by the variation in the thicken- 
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Vic. 4. Internal frontal hyperostosis of the tuberous type associated with acromegaly. (4 and B) Man, aged 
47 years. Roentgenographic aspect in the two right-angled projections. 


ing process of the diploë, and whether or not 
the disease is associated with osteoporosis, 
or related to the uniformity of the thicken- 
ing of the internal table. 

Hypertrophy of the diploé may extend to 
the whole skull, either in a uniform or non- 
uniform manner. The trabeculae of the 
spongy bone often appear to be thin, espe- 
cially in older patients, with reduction of the 
calcium content. On left lateral roentgeno- 
grams the vault may show a “scythe” ap- 
pearance caused by gross thickening in the 
frontal bone (Fig. 2.7); in some cases the 
calvaria is rather large with a markedly de- 
veloped occipital protuberance (Fig. 4, 7 
and B). Anteroposterior roentgenograms 
demonstrate the thickness of the skull as 
being greatest at the top and decreasing (a) 
symmetrically and uniformly towards the 
parietotemporal region or, (b) asymmetri- 
cally on the two sides or, (c) limited almost 
exclusively to the top and rapidly decreas- 
ing on the sides (Fig. 2, 4 and B; 48; and 
65). 

With thickening of the diploe, it is not 
uncommon to find true osteosclerosis with 
an eburneous appearance. The coexistence 
of more or less uniform thickening of the 
internal table contributes to better roent- 
genographic demonstration of the massive- 


ness of the skull, sometimes even masking 
the distribution of the vascular grooves and 
diploic channels. 

Roentgenographically, the bone thicken- 
ing appears more evident in those cases in 
which hyperostosis is localized to the inter- 
nal frontal table, giving an irregular tuber- 
ous aspect typical of Morgagni's syndrome 


(Fig. 4, Z and B). There may be other com- 





Fic. s. Typical cranial acromegaly with hyperosto- 
sis. Man, aged $8 years, showing considerable 
thickening of the frontal bone, while the frontal 
sinuses appear almost hypoplastic. 
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Fic. 6. Acromegalic cranium without hyperostosis. G7) Man, aged so years, with osteoporosis of the cranial 
vault showing well-developed external occipital protuberance and prognathism of the facial bones. (B) 
Same patient as in Z. Anteroposterior roentgenogram showing a rather thin cranial vault and marked 
hyperpneumatization of the frontal sinuses. 


bined patterns, such as diffuse diploic thick- megaly, the following conclusions were de- 
ening associated with zones of "plaque" or rived: 


cloud" hyperostosis predominantly in the 1. Thickening of the skull is found in a 
internal frontal table and, to a lesser degree, rather high percentage of cases in both 
in the occipital and parietal bones. SEXES. 


Most often, hyperostosis affects the 
di plos. which on roentgenograms appears 
From an analysis of 27 cases of acro- In a certain number of cases, 
diminution of the calcium content is noted, 
sometimes with evident diploic grooves. 
Fairly frequently, roentgenograms show, 
instead, a more or less diffuse osteosclerosis 
with increase in densitv also of the internal 
table. 

3. Thickening may occur throughout the 
skull either symmetrically or in varving 
segments; the frontal bone is most often 
affected. 

4. Besides cases in which diffuse thicken- 
ing and increase in the density of the skull 
are seen, there are, more rarely, cases show- 
ing internal frontal hvperostosis with fea- 
tures practically analogous to the typical 
0 ot S M 0 ฝ 0 Bo. 


CONCLUSIONS 





kic. 7. Hyperpneumatization of the frontal sinuses 
0 with considerable thickening of the 
skull, especially of the frontal bone, in Paget's dis- 
ease. Woman, aged 24 vears. exis Bd although not necessarilv characteris- 


in women. 
. It seems that a certain relationship 
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THE SMALL SELLA TURCICA* 


By ROBERT L. FISHER, M.D., and GIOVANNI DI CHIRO, M.D. 


BETHESDA, MARYLAND 


E Rs present study is an attempt to 
evaluate the diagnostic roentgeno- 
graphic significance of the “small sella 
turcica." 


PREVIOUS ROENTGENOGRAPHIC 
OBSERVATIONS 


The previous reports dealing with the 
"small sella turcica" are summarized in 
Table 1. In all of these investigations, the 
size of the sella turcica was estimated from 
evaluations of its lateral roentgenographic 
profile. Since the third dimension (width) 
of the sella is quite variable, however, the 
sella size cannot be reliably estimated 
from the lateral roentgenograms alone.*:* 
In the present study, the “small sella 
turcica" was studied volumetrically using 
the formula: V=4 (PX HX L) where V is 
volume, J7 width, H height and Z length. 


THE PSEUDO-SMALL SELLA TURCICA 


The importance of evaluating the sella 
turcica three-dimensionally is dramatically 
illustrated by our study of myotonic dys- 
trophy. In agreement with previous re- 
ports,?047.78,84,90 we frequently found a 
small sella turcica on the lateral skull 
roentgenogram in a group of 39 adult pa- 
tients affected with this muscle disorder. 
Even using strict criteria (length 8 mm. or 
less; height 6 mm. or less), the sella turcica 
was small on lateral profile in 6 cases. When 
the size of these sellas was evaluated 
volumetrically, however, it was found to be 
normal in every case due to their pre- 
dominantly large widths (Fig. 1, 4 and B). 
Postmortem studies also indicate that the 
pituitary gland is normal in myotonic 
dystrophy.!21929.75,9 One patient in our 
serles at autopsy showed a normal o.6 gm. 
pituitary gland. 


TABLE Í 


PREVIOUS ROENTGENOGRAPHIC OBSERVATIONS 
OF THE "SMALL SELLA TURCICA" 


a Ó— 
m 


Authors 


Cushing™ 
(1912) 

Bied|!° 
(1922) 

Haas”? 
(1925) 


Fründ* 
(1927) 

Reinert” 
(1927) 


Erdelyi and 
Scholtz®® 
(1928) 

Steiert® 
(1928) 


Gordon and 
Bell™ 
(1936) 

Martin”? 
(1940) 

Carstens!’ 
(1949) 

Jungmayr* 
(1951) 

Lohmann®? 
(1951) 


Caughey”? 
(1952) 
Walton and 

Warrick?*? 

(1954) 
Ott? 

(1955) 
Kovacs and 


Small 
Sellas 


Observed 


Some 


Some 


7 


38 


37 


Some 


——— Á— 


Associated Conditions 


Hypopituitarism in children 
Hypopituitary dwarfism 


Hypo- and hyperthyroidism, 
hypoparathyroidism, pre- 
cocious puberty 

Hypopituitarism 


Infantilism, adiposogenital 
dystrophy, hypothyroid- 
ism, trauma, asthma 

Endocrine disturbances in 24 
cases 


Lipodystrophy, progressive 
muscular dystrophy, pro- 
portioned dwarfism 


Various unrelated disorders 


Endocrine and psychiatric 
disorders 
Various unrelated disorders 


Myotonic dystrophy 

Various psychiatric, neuro- 
logic and endocrine dis- 
orders 


Myotonic dystrophy 


Myotonic dystrophy 


Various unrelated disorders 


Pituitary hypofunction in all 
cases 


* From the Section on Neuroradiology (Head, Giovanni Di Chiro, M.D.), National Institute of Neurological Diseases and Blindness, 


National Institutes of Health, Bethesda, Maryland. 


996 


Vot. 91, NO. § 


Fio. 1. CA 


BM» 


The Small Sella Turcic: 997 





Pseudo-small sella turcica in a case of myotonic dystrophy; because of unusually large 


width (B) volume is normal. (Burr holes for previous subdural hygroma.) 


We have termed the sellas which appear 
small on lateral skull roentgenograms but 
which have large widths, "pseudo-small," 
as they present a false impression of the 
sella and pituitary size. A further example 
of a pseudo-small sella turcica which con- 
tained an unusually wide pituitary gland 
may be seen in Figure 2, J and 5. 


THE SMALL SELLA TURCICA 


The normal range for sella volume in 
adults has been previously investigated 
roentgenographically.? 


To enable us to 
study the sella turcica during its period ot 


growth, we extended these volumetric 
determinations to 347 individuals ranging 
from birth to 26 vears of age. This “nor- 


of cases of head trauma, neuromuscular 
disease (excluding myotonic dystrophy), 
acute leukemia and cases of idiopathic and 
post-traumatic epilepsy showing normal 
pneumoencephalograms. 

The results of this study are presented 
in Figure 3. A considerable variation of the 
sella size in each age group and a rapid in- 
crease of the volume of the sella during the 
first 3 vears followed by a gradual growth 


x Me 





Fic. 2. Sella specimen with small lateral profile (7) and large width (5). Arrows in 


`, 


B outline correspondingly wide barium-coated pituitary gland. 
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Fic. 3. Sellar volumes of 347 "normal" controls. 


to 18 vears are observed. Based on our ex- 
perience, the minimal sella volumes to be 
expected in normal individuals are shown 
in Figure 4. Lower values are considered 
indicative of small sellas, particularlv in the 
older age groups. In the voung and the 
very voung (below 3 vears), the lower 
values are less significant due to the great 
developmental variation. 

To establish the validity of the volu- 
metric estimation of sella size in growing 
children, the previous anatomo-roentgeno- 
graphic comparison of Di Chiro and 
Nelson? was extended to include 22 fresh 
cadavers of individuals ranging in age 
from 3 to 16 years. The relationship be- 
tween the roentgenographic volume of the 
sella and the pituitary volume and observed 
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Fic. 4. Minimal expected normal sella volumes. 
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lic. 5. Relationship between | roentgenographic 
volume of the sella turcica and pituitary volume in 
ig cases shown by the equation: Pituitary vol- 
ume-.627 roentgen-ray volume-4-66.2 12. 


volume of the sella cast is represented in 
Figures 6 and 6, respectively. The average 
error in the estimation of the sella cast size 
and pituitary volume was 27.1 per cent and 
20.8 per cent respectively, which is prob- 
ably satisfactory for clinical purposes. 


THE SMALL SELLA TURCICA IN THE GENERAL 


HOSPITAL POPULATION 
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Frc. 6. Relationship between  roentgenographic 
volume of the sella turcica and observed volume of 
the sellar cast in 22 cases shown by the equation: 
roentgen-ray volume 
= ,681 cast volume + 103.342. 
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attempt was made to determine its incil- 
dence and possible significance. Following 
the lead of previous investigators, ^? ran- 
dom hospital cases were studied. The plain 
skull roentgenograms of s00 general hos- 
pital patients and soo mental patients 
ranging in age from 2 to 99 years were ex- 
amined. 
elderly and middle-aged individuals but the 
sex distribution was approximately equal. 
The study was focused on the lateral skull 
roentgenogram, as the volumes were cal- 
culated (except in children) onlv in selas 
having a height of 6 mm. or less or a length 
of 8 mm. or less on this view. Certain small 
sellas (having relatively normal height and 
length but exceptionally small width) were 
possibly overlooked. This procedure, how- 
ever, provided a good method of checking 
previous two-dimensional studies. 

In 36 adult patients, sellas having at 
least one small lateral dimension were dis- 
covered. In 7 of these, one of the lateral 
dimensions was relatively large. Therefore, 
small sella areas on the lateral roentgeno- 
grams were observed in about 3 per cent 
of the total cases in this series as in previous 
two-dimensional — studies. However, 
when the width was considered, the total 
volume was within normal limits in all but 
one case. This sella, with a volume of 158 
mm., was present in a § vear old girl 
examined after head trauma. Thus, in this 
random studv, the small sellas encountered 
were all pseudo-small with one exception. 
It was then evident that the attention had 
to be focused on specific conditions in which 
a small sella turcica might be theoretically 
expected. 


THE SMALL SELLA TURCICA 
IN HYPOPITUITARISM 


Since a correlation between sella size and 
pituitarv size has been noted in the ana- 
tomic studies of manv previous investiga- 
tors," it seemed reasonable to investigate 
conditions associated with small pituitary 
glands. As the sella turcica has never been 
shown to reduce 1n size, except in recoverv 
from pathologic erosions, we concentrated 
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our attention further on the pituitary 
gland at birth and during the period of 
sella development. 

Congenital absence of the pituitary 
gland has been reported by several au- 
thors.?.15 7 The sella size was noted, how- 
ever, onlv in the case of Blizzard and 
Alberts? where it was definitely small. In 
anencephalv, which is usually associated 
with a hypoplastic or dystopic pituitary 
gland, 7? an absent or poorly formed 
sella turcica is a well-known finding. ? The 
intrasellar pituitary gland has also been 
reported small in 18 of 21 cases of non- 
tumoral, hypopituitary dwarfism (Table 
11). Hypopituitary dwarfism seemed, there- 
fore, suitable for a clinical, roentgeno- 
graphic investigation of sella turcica size 
with particulae: regard to the small sella. 

Forty-four patients ranging 1 ท age from 
1 to 49 years were selected for studv. The 
diagnosis of idiopathic hy popituitary dwarf- 
ism was considered established (Table 11) 
when the patients showed marked retarda- 
tion of height age, bone age, infantilism 
and one or more of the following: (1) a 
marked clinical response to injected human 
growth hormone; (2) an insufficiency of 
adrenocorticotrophic hormone, indicated 
by a lack of response to SU-4885, an ab- 
normal water load test or an abnormal 
insulin tolerance; (3) an insufficiency of 
thvrotrophic hormone, indicated by ab- 
normally low thvroid activity, increased by 
injecting T.S.H.; and (4) low or absent 
gonadotrophins in patients over the age of 
20 vears. Almost all of the patients had a 
history of normal birth weight and a nor- 
mal development in early infancy. Patients 
with intracranial tumors or with onset of 
hvpopituitary symptoms after the age of 6 
years were excluded. 

Twenty-five hvpopituitary patients (56.8 
per cent) had small sellas; only 6 patients 
(13.6 per cent) had sellas of average size, 
พ the remainder had low normal vol- 
umes (Table 11). In 3 additional cases of 
hypopituitary dwarfism of late onset (ages 
7-11 vears) the sellas were of normal size. 
While in most cases the sella turcica was 
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merely small (Fig. 7, 4 and B), in about 
one-third of the cases, we noted a shallow 
shape of the lateral profile (Fig. 8, 4 and 
B), previously observed by others.?$ 

In an attempt to evaluate whether the 
small sellas in the hypopituitary dwarfs 
were a reflection of the pituitary size or 
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merely of the small general body size, sellas 
were investigated in other conditions asso- 
ciated with dwarfism—achondroplasia, go- 
nadal dysgenesis, hypothyroidism, congen- 
ital or genetic dwarfism, and dwarfism 
secondary to nutritional, central nervous 
system, cardiac and renal disease. The 


Tase II 


POSTMORTEM PITUITARY PATHOLOGY IN NONTUMORAL CASES OF HYPOPITUITARY DWARFISM 


Age and | Height 


Authors Sex (n) 

Hueter* 42 F 
(1905) 

Kraus* 27 F 
(1918) 

Simmonds® 21 M 
(1919) 

Berblinger? I9 M 
(1920) 

Sternberg% 17M 
(1920) Case 1 

Sternberg% 20 M 
(1920) Case 2 

Priese]§ gt M 
(1920) 

Schultz? 18 M 
(1924) 

Koch 11 F 
(1926) 

Sternberg? I8 M 
(1929) 

Kraus® 26 M 
(1932) 

Katzenstein*? sı F 
(1933) 

Montanini®! 67 F 
(1934) 

Biemond and Hartz! 31 F 
(1935) 

Ceranke* so F 
(1936) 

Farina?? 62 F 
(1942) 

Grünthal and Keller? 26 M 
(1943) 

Hewer® 76 F 
(1944) 

Hedinger and Hürzeler? | 21 M 
(1953) 

Ehrlich?’ 1 F 
(1957) 

Sandison'* 15 F 





(1958) 


Weight or Dimensions 
๐0.16 gm. 


O.2 gm. 


o.8 gm. 


I2.5X5X11I mm. 


Pituitary Gland 
Gross Appearance 
Small 
Hypoplastic 
Extremely small; large anterior lobe 
cyst 
Anterior lobe large 
Very thin and flat 
Normal 
Dystopy of posterior lobe; small cys- 


tic anterior lobe in sella 
Atrophy of anterior lobe 


๐ .7 gm. Large cyst of anterior lobe 
O.4 gm. Small 
0.28 gm. Dystopy of posterior lobe 
Small 
0.25 gm. Small 
O.3 gm. Small; dystopic posterior lobe 
Extremely small 
Hypoplastic 
Posterior lobe absent; small anterior 
lobe 
0.31 gm. Small 
0.2 gm. Dystopy of posterior lobe; small an- 


terior lobe 

Empty sella; small dystopic gland 
at base of brain 

Small 
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SIGNIFICANT DATA IN CASES OF HVPOPITUITARY DWARFISM 
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Key: A= abnormal; Q= questionably abnormal; N= normal. 


pituitary gland has been found to be of 
normal size in gonadal dvsgenesis? ?® 36-6364, 
67,69, 758,80, 89 and achondroplasiay 20h: Fee 
Enlargement of the pituitary gland has 


been noted in hypothyroidism.* 51917?! Two 
autopsy reports in “bird-headed” dwarfs'? 
and one in a well proportioned nonhypo- 
pituitary dwarf? suggest that the pituitary 
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is somewhat small in genetic dwarfism. 
formal pituitaries have been described in 
renal dwarfism.? Intormation pertaining to 
the is lacking. in dwarfism 











pituitary 1 
secondary to malnutrition and other chronic 
illnesses. 

The skull roentgenograms of 14 patients 





an Wyk and Francis D. Pepper.) 


d and B) Small sella of 17 vear old hypopituitary dwarf. 


^ 





with achondroplasia, 18 with gonada 
dysgenesis, 24 with hypothyroidism and i4 


with dwarfism associated with chronic ill- 
nesses were studied. Seventy-four patients. 


in whom no specific etiology could be estab- 


lished, were investigated as genetic dwarfs. 


Small sellas were tound in 10 





" 


3:5 per cent) 








. 8. (Æ and. B) Small sella of 8 year old hypopituitary dwarf. Note shallow profile in Z. 


(Courtesy of Drs. Judson J. Van Wyk and Francis D. Pepper.) 
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MEAN SELLA TURCICA VOLUMES IN CONTROL 


AND DWARF PATIENTS OF EQUIVALENT BODY HEIGHTS 


Mes Sella Volumes (cubic mm. ) 


Heights Ze a Aomin | Hy po- | Gonadal | Hypo- eee w T 
(cm.) E o plastic thyroid | Dysgenesis | pituitary Chronic 
Ses eus Jwarfs Dwarfs Dwarfs | Patients p Dwarfs IHiness 
5 ๐ - $9 39 ( 6)* HE cq $e dana: CGY. | ง จ ei) | eee 
6 ๐ - 69 taro) ็ ฝ [ ฝ 228 (2) 169 (2) moa) d =e 
~o- 79 202(12) 7 18Hg( 5) 358 (2) 308 (5) ee) ็ โ โ ื ื โข 9 ร ้ ั "T 
80- 89 33306) | 295( 7) | 326(2) 390 (3) 195 (1) 216 (2) 251 (6) 
ว ว - 99 344 (22) | 296( " (0 438 (2) BLU. S ere 190 (5) 222 (2) 
100-106 382 (38) | 292( $) |o me 496 (1) '! ---- 268 (9) 169 (4) 
110-119 4326) | 386 (20) 654 (1) 565 (2) 416 (1) DERE ็ ซ ฤ ซ ไ เ ไ " ไ 
120-129 442 (16) SETS x. SQ OI) 978 (2) 55.3 (2) 340 (7) 485 (2) 
130-139 448 (26) 604( 4) | pum 672 (2) 675 (1) 9 Lb) ^ ค ระ ร 
140-149 522 (24) 401 ( i ล 0 จอ (2) 79 (6) - 052 
150-159 $49 (28) So Ajo ae 73 ๐ 61) 540 (2) tob (3): ๕๐ ๐ 
160-169 6so(a6) |, ๒ | — | ee Sie) E eeen Q6 eee 
170-179 630 (72) - 1 ธ ส ส 5 CM sete Nae, "Wy NOR " END m 

* Figures in parentheses indicate the number of patients considered in the averaged volumes, 
genetic dwarfs and 2 (13.3 per cent) cases cient pituitary function-~idiopathie dia- 


of dwarfism asoc ห e chronic illness. 
No small sellas were found in dwarfism 
associated with achondroplasia, hypothy- 
roidism or gonadal dysgenesis. 

The mean sella turcica volumes of dwarts 
and controls of equal height were then 
compared (Table 1v). The mean sella 
turcica volumes of the hypopituitary pa- 
tients were smaller than all of the other 
groups considered. The sella turcica vol- 
umes of the achondroplastic and gonadal 
dysgenesis patients were similar to those 
of the controls. As previously noted by 
others, 55 the hypothyroid patients had 
consistently larger sellas than the controls 
(Fig. 9, Aand B). The sella turcica volumes 
of patients with genetic dwarfism and 
dwarfism associated with chronic disease 
lay generally between those of the control 
and hvpopituitary patients. Thus, there 
was a distinct. correlation. between the 
sella turcica volume and the size of the 
pituitary gland inferred in each group 
from the pathologic literature. 

The correlation between pituitary pa- 
thology and sella turcica volume was then 
evaluated in other conditions unassociated 
with dwarfism but characterized by defi- 





betes insipidus and hypogonadotrophic 
hypogonadism. Mongolism, in which a 
pituitary disorder has long been specu- 
lated, was also included in the investiga- 
tion. In diabetes insipidus, the pituitary 
glands have been either normal!*?' or small 
due to atrophy of the posterior lobe.!*9 9» 
Well documented pathologic studies of the 
pituitary gland in idiopathic hy pogonado- 
trophic hypogonadism unassociated with 
dwarfism have not been reported,” although 
pituitary glands of variable gross appear- 
ance have been noted 1n nontumoral adi- 
posogenital dystrophy, ? infantilism,” and 
eunuchoidism of undetermined Ecole d 3 
Pituitary hypoplasia has been reported in 
mongolism> S though the gland is usually of 
average size.’ 

Nine patients with idiopathic diabetes 
insipidus, 6 patients with idiopathic hypo- 
gonadotrophic hypogonadism, and 65 cases 
of mongolism were investigated. The sella 
turcica size was normal in diabetes insipi- 
dus and hypogonadism except for a small 
sella turcica in one case of diabetes insipi- 
dus, in. which dwarfism and suspected 
anterior pituitary hvpofunction were also 
present. In mongolism, the sella turcica 
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size was normal in all but $ cases (7.7 per 
cent) which had small sellas. 

The sella turcica size was finally in- 
vestigated in other childhood endocrine 
disorders hy poparathyroidism, hyper- 
thy roidism, primary เจ ย ห Cush- 
Ing's sy ก ก and Addison’s disease, 
many of which have previously been 
implicated. with small sellas. How- 
ever, we have not found reports of small 
pituitary glands in these conditions * 4654 
with the exception of be n 
No small sellas were found in 7 cases of 
hvpoparathvroidism Gdi er thic — and 
pseudohypoparathvroidism), 9 of hyper- 
thvroidism, 13 of Cushing's 
primary hy pogonadism and 4 of Addison’s 
disease. 


DISCUSSION 


The small sella turcica is an extremely 
rare finding in the average hospital popula- 
tion and does not exist in adults except in 
dwarfs. Small sellas, on the other hand, are 
found in the majority of patients with 
hypopituitary dwarfism. Occasionally, 
small sellas are encountered in genetic 
dwarfism, mongolism and dwarfism due to 
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syndrome, c of 


Mav, 1954 
chronic. illness. The particularly high 
incidence of small sellas in hypopituitary 
dwarfism seems primarily related to the 
hypoplastic pituitary characteristic of this 


condition, rather than the small size of 
these patients. The investigations of 


others’ seem to indicate a relatively in- 
significant. relationship between the skull 
size and body height and the sella turcica 
size in normal subjects. In our own study, 
controls and = nonhypopituitary dwarfs 
showed larger mean sella turcica volumes 
than hypopituitary patients of the same 
height. With the possible exception of 2 


cases of dwarfism secondary to chronic 
illness, small sellas were found only in 


those conditions in which small pituitary 
glands have been reported. When the 
pituitary pathology occurred after the rela- 
tively complete development of the sella 
turcica-hypopizuitary dwarfism with on- 
set after the age of 6 vears, diabetes insipi- 
dus, and possibly hv pogon adotrophie hypo- 
gonadism small sellas were not found. The 
normal sellas in hvpopituitarv dwarfism 
may be explained, at least in a certain per- 
centage of cases, bv intrasellar pituitary or 
subarachnoid cysts. 


year old hypothyroid dwarf, 
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The diagnosis of idiopathic hypopitut- 
tary dwarfism in prepubertal children is 
dificult and dependent to a large degree 
upon indirect chemical estimations of vari- 
ous trophic hormone deficiencies of the 
pituitary gland.?^* The finding of a sella 
turcica volume below the normal range for 
the patient's age should suggest and should 


be considered as confirmatory evidence of 


hypopituitarism in the doubtful cases. In 
patients with clinical and laboratory evi- 
dence of hypopituitarism, a small sella 
turcica by indicating primary pituitary 
hypoplasia should discourage further 
studies (7.e., pneumoencephalography) to 
rule out sellar or suprasellar tumors. 


SUMMARY 


The previous studies on the small sella 
turcica are reviewed. The frequent finding 
of sellas with small lateral profiles but with 
unusually large widths emphasizes the 
necessity for a three-dimensional evalua- 
tion of sella size. The minimum normal 
volumetric values are defined for each 
given age, and values below these are con- 
sidered indicative of a small sella turcica. 

In the random hospital population, the 
small sella turcica is an extremely rare 
entity. In idiopathic  hypopituitary 
dwarfism, however, the small sella turcice 
is observed in 56.8 per cent of the cases. 
This high incidence seems primarily re- 
lated to hypoplasia of the pituitary gland 
rather than the general small body size of 
these patients. Small sellas are seen occa- 
sionally in mongolism, congenital dwarfism 
and dwarfism secondary to chronic illness, 
but in no other endocrine conditions. The 
small sella turcica suggests hypopituitarism 
and is of value in the differential diagnosis 
of hvpopituitary dwarfism. 

Giovanni Di Chiro, M.D. 
Section on Neuroradiology 
National Institute of Neurological 

Diseases and Blindness 
National Institutes of Health 
Building to 
Bethesda 14, Maryland 
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without the cooperation and assistance of the 
following investigators who permitted the 
authors to study their clinical and roentgeno- 
graphic material: Drs. Robert M. Blizzard and 
Olga M. Baghdassarian, Johns Hopkins Hos- 
pital, Baltimore, Maryland; Edna H. Sobel and 
Norman L. Avnet, Bronx Municipal Hospital, 
New York, New Tok Edward B. D. Neu- 
hauser and John F. Ce Jr., Children’s a 
pital, Boston, Massachusetts; Judson J. Van 
Wyk and Francis D. Pepper, University of 
North Carolina Hospital, Chapel Hill, North 
Carolina; Robert S. Stempfel, Jr., Duke CAR 
versity Medical Center, Durham, N North Caro- 
lina; Melvin M. Grumbach and David H. 
Baker, Babies Hospital, New York, New York; 
Gregory T. Henesy, Washington Hospital Cen- 
ter, Washington, D. C.; Joseph W. Lo Presti, 
Children's M NU Washington, D. C.; Marion 
D. M. Faris, Saint Elizabeth's Hospital, Wash- 
ington, D. C.; and Harry G. Butler, Rosewood 
State Hospital, Owings Mills, Maryland. 

Mrs. Doris A. Sadowski performed the sta- 
tistical evaluations. 
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WALLS OF THE ORBIT (ORBITAL LINE) AND 
THE MAXILLARY ANTRUM (ANTRAL LINE) 
IN THE SUBMENTOVERTICAL VIEW* 


By JOSEPH P. WHALEN, M.D., and ALFRED S. BERNE, M.D. 


SYRACUSE, NEW YORK 


T E lateral walls of the maxillary an- 
. trum and the bony orbit are identifi- 
able อ ท submentovertical roentgenograms 
of the skull. Both of these structures cast 
well-defined linear "bone" shadows on 
roentgenograms 1n close proximitv to the 
curvilinear "bone" shadow of the great 
wing of the sphenoid bone which forms the 
anterior boundarv of the middle cranial 
fossa (temporal line). Dodd ef al? have 
named these the "triple line shadows" and 
have emphasized the importance of recog- 


= 


nizing these shadows and establishing their 
integrity roentgenologically. 

On occasion, one has difficulty in identi- 
fying and distinguishing the “antral line” 
and the "orbital line" on routine examina- 
tion. Dodd ef al? recommend a special 
angled view of the base of the skull when 
this difficulty arises. 

Believing that a thorough analvsis of the 
anatomy of the orbit and antrum would 
permit proper roentgenologic identification 
of the lines, a studv, using roentgenograms 
of a dried skull marked with opaque wire as 
well as many routine submentovertical 
skull roentgenograms, was undertaken. An 
projections which are emploved in making 
routine base roentgenograms of the skull. 

As a result of this work, 1t 1s felt that the 
“antral” and “orbital” lines can be readily 
distinguished and studied on routine sub- 
mentovertical roentgenograms in almost 
all instances. 

METHOD 

Opaque wires were placed on a dried skull 
delineating the orbital portion of the great 
wing of the sphenoid bone which forms 





Vic. 1. Drawing of the “triple line shadows" as seen in 
a submentovertical projection. A. Orbital line; 
B. sphenozygomatic suture (protuberance); C. 
posterior portion of antral line (convex laterally); 
D. temporal line; E. anterior portion of antral line 

(concave laterally); and F. fusion of orbital and 


^. 


temporal lines. (All figures are marked similarly.) 


the lateral wall of the orbit (the "orbital 
line") (A). The sphenozvgomatic suture (B) 
which is the anterolateral extremity of the 
great wing was also marked. The lateral 
wall of the maxillary antrum (the “antral 


line") (C and E) and the anterior portion of 
the great wing of the sphenoid which 
bounds the middle cranial fossa (the "tem- 


poral line") (D) were likewise marked with 
wires. 


skull were made, varving from the optimum 
projection in which a true base view is 
obtained to the less satisfactorv projection 
ters' view. These roentgenograms were 
studied and a description with accompany- 
ing illustrations showing the anatomic fea- 
tures which identify the structures 1s pre- 
sented. 


* From the Radiological Service of the Syracuse Memorial Hospital and the Radiology Department of the Upstate Medical Center, 


State University of New York, Syracuse, New York, 
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hic. 2. Submentovertical roentgenogram of the 
right side in a normal patient. 


DISTINGUISHING CHARACTERISTICS 
OF THE LINES (Fig. 1-4) 


THE LATERAL WALL OF THE BONY ORBIT 
(“ORBITAL LINE”) 

1. The anterior portion of the "orbital 
line” CA) is characterized by a bony protu- 
berance which represents the sphenozvgo- 
matic suture (5). The great wing of the 
sphenoid is thickened at this site where the 
anterior portion of the temporalis muscle 
originates. This prominence is readily iden- 
tifable roentgenographically. 

2. The posterolateral wall of the orbit 


39 


Fic. 3. Submentovertical roentgenogram of the right 
side of a dried skull. The mandible was removed. 
Wires have been applied to the bones which cast 
the triple line shadows. The sphenozygomatic su- 
ture was labeled with opaque wire (B) and corre- 
sponds to the protuberance deseribed. Note that 
the antral line (E) hes anterior to the orbital line 
(A). In this projection the posterior portions of the 
lines tend to overlap, 
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and the anterior bone margin of the tem- 
poral fossa fuse because they are both por- 
tions of the great wing of the sphenoid 
bone (F). Therefore, the "orbital line" (A) 
fuses with the curvilinear “temporal line” 
(D) posteriorly (F). 


THE LATERAL WALL OF THE MAXILLARY ANTRUM 
(“ANTRAL LINE”) 

1. Antertorly and laterally the “antral 
line" curves smoothly to join the zvgoma. 
This curve is concave laterally (E). 

2. The “antral line” curves medially at 
its posterior aspect to join the posterior 
antral wall. This portion of the curve is 
convex laterally (C). These two curves give 
the “antral line" an "S" or reverse “S” 


shape of varying prominence (C and E). 


3. The “antral line” has no bony promi- 
nence at its anterior extremity and it does 
not Join with the "temporal line" poste- 
riorly, 


DISCUSSION 


The relative positions of the “antral line" 
and “orbital line” are of no practical sig- 
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nificance as far as identification is con- 
cerned (Fig. 3-5). The position of the 
patient and the angle of the tube when the 
films are exposed determine the relative 
positions of the lines. Because the “antral 
line" is caudad to the "orbital line", sub- 
mentovertical roentgenograms which ap- 
proach the Waters” view will show the 
"orbital line” anterior to the “antral line" 
throughout their course (Fig. 4 and 5). 


In a true supero-inferior projection, the 


major portion of the "antral line" lies 
anterior to the "orbital line" and the pos- 
terior portions of the lines tend to overlap 


(Fig. 3). The opposite occurs in the Waters’ 
view, 7.e., the anterior segments of the lines 
tend to overlap (Fig. 4 and 2). 


SUMMARY 


The roentgenologic and anatomic fea- 
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Fic. 4. Suboptimal submentovertical roentgenogram 
of the right side of a dried skull (mandible re- 
moved). Note that antral line hes posteriorly. The 
anterior ends of the antral and orbital lines tend to 
overlap. Note that the orbital and temporal lines 
remain fused (F). 


Lateral Walls of the Orbit and Maxillary Antrum 
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lic. 5. Base roentgenogram approaching Waters’ 
view of the right side of a dried skull (mandible re- 
moved). Note that the antral line lies entirely 
posterior to the orbital line. The orbital and tem- 
poral lines remain fused (E). 


tures of the "orbital" and “antral” lines 
were determined by study of clinical roent- 
genograms and  roentgenograms of a 
marked dried skull. These details are de- 
scribed and illustrated. 

Knowledge of these facts rather than the 
relative positions of the lines will permit 
their proper identification on almost all 
routine roentgenograms of the skull in the 
supero-inferior projection. 

Alfred S. Berne, M.D. 
736 Irving Avenue 
Syracuse 10, New York 

We gratefully acknowledge the help of Dr. 

Lee Hadley in preparing the illustrations. 
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OSSIFYING FIBROMA OF THE FACE AND SKULL* 


By ENRIQUE SCHWARZ, M.D. 


CHICAGO, ILLINOIS 


SSIFYING fibroma, an entitv of con- 
troversial nature, comprises ล rather 
uncommon, localized and slow growing 
tumor which is found mainly in the maxillae 
and calvarium of children. After the com- 
prehensive report of Sherman and Stern. 
berg? in 1948 dealing with the roentgeno- 
logic findings of this tumor, we find several 
reports of the same entitv under other 
names such as fibro-osteoma? and fibrous 
dysplasi ee 
There are some pathologic as well as 
roentgenologic features of this tumor which 
make it different from others found in the 
face and skull. A brief review of such fea- 
tures in this paper may aid in the differen. 
tial diagnosis of ossifving fibroma from 
other tumors of fibrous characteristics oc- 
curring at the same sites. 


CLINICAL AND PATHOLOGIC FEATURES 


- 
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The ossifving fibroma presents itself as : 
sharply circumscribed bone tumor which 


the orbit, maxillary sinuses or mandible. It 
arises from the normal bone and becomes a 


hard tumor firmly attached to the under- 
lving structures. It grows slowly and pain- 
lessly, occasionally encroaching upon the 
nasal airways producing obstructive symp- 
toms. Ít is usually localized and unilateral 
but there are cases where the tumor extends 
itself considerably into the surrounding 
structures. Rarely, the tumor may undergo 
sarcomatous degeneration. 

When the tumor is studied earlv, the 
microscopic examination reveals immature, 
irregularly calcified and fibrous bone tra- 
beculae. These are interspersed in prolifera- 
tive connective tissue.’ Later, a dense 
fibrous stroma with basophilic bodies ap- 
pears, forming a framework for bony 





GT and B) Nine year old girl with progressive 
swelling of the right supraorbital area and bulging 
of the eye of 4 vears’ duration. The diagnosis of 
ossifying fibroma was established after surgical 
removal. Note the smooth, homogeneous bulging 
of the orbital roof into the anterior cranial fossa. 
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* From the Department of Radiology, College of Medicine, University of Hhlinois, Chicago, IHlinois. 
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islands. These are surrounded by osteoid 
and the trabeculae which are calcified to 
various degrees show a few osteocytes. 
Mitotic figures are absent.! 

The tumor is surrounded bv a thin 
capsule formed by lamellae of mature bone. 
The rich vascularity of these tumors has 
been demonstrated by arteriography. The 
vessels appear dilated and displaced at the 
tumor site. There is no formation of arterio- 
venous fistulae.” 


ROENTGENOLOGIC MANIFESTATIONS 


Ossifving fibroma appears on roentgeno- 
grams as a round or oval shaped tumor, 
clearly circumscribed by smooth margins 
and producing moderate expansion of the 
involved portion of bone. It is frequently 
seen in the frontal bone at the orbital roof. 
The bone appears spongy at the tumor site 
with a homogeneous “fibrous” looking pat- 
tern and a thin "egg-shell" type of bound- 
ary. It extends smoothly into the confines 
of the cranial fossa forming an even promi- 
nence resulting from the expanded and 
thinned out orbital roof. There is no break- 
age of the cortical bone as a rule. No bone 
reaction 1s found to occur when the tumor 
is first discovered and the distortion of the 
surrounding bone is minimal (Fig. 1, 4-D). 
In other instances the tumor appears 
sclerotic, producing thickened, dense bone 
that surrounds the tumor and extends into 
the neighboring structures (Fig. 2). This 
variant 15 commonlv diagnosed as fibrous 
dvsplasia because of its distinctive sclerotic 
appearance. In adults, this variant. could 
represent the tumor sometimes diagnosed 
as osteoma (Fig. 6, 4 and 5). 

A combination of these two types is noted 
when the tumor is located in the mandible. 
Areas of sclerosis alternate then with 
smooth and spongy looking bone which ex- 
pands slowly as the tumor grows, producing 
deformitv and displacement of the teeth 
(Fig. 3). 

In the maxilla, the ossifving fibromas 
obliterate the antral cavity and disrupt the 
normal architecture of its boundaries. Ex- 
pansion of the bone occurs at the expense of 
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Fi. 1. 
1, ef and B are noted on these roentgenograms of 


(Cand D) Very similar findings as in Figure 
an 18 year old gir] with occasional headaches, 
swelling and protrusion of the right eve of 6 
months’ duration (trauma to the area was suffered 
6 months prior to the onset of symptoms). A lesion 
was removed from between the two lavers of the 
orbital roof through a frontal cramotomy. Micro- 
scopic study revealed the features of ossifving 
fibroma. 
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the site of least resistance and thus balloon- 
ing out through the confines of the outer 
aspect of the maxilla occurs into the region 
of the cheek and perhaps extending into the 
zvgoma (Lig. 4). Other times it mav be 
localized to the antral area with a discrete 
superior extension producing a smooth 
bulge at the floor of the orbit, with marked 
thinning but no breakage of the cortical 
bone of the inferior orbital rim (Fig. 5). 
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DISCUSSIO 





The identification of a smooth, clearly 
circumscribed and homogeneously dense 
bone tumor, without unusual sclerosis or 
bone producing characteristics should be 

\ 


suspicious of the pre ving 











sence of an ossifving 
fibroma, especially if it is found in its pre- 


ferred locations: frontal bone, maxilla and 
mandible. This tumor may represent a fib. 
rous type of reaction to certain stimuli as 
pointed out by Aegerter and Kirkpatrick. 
This reaction mav be set up by external 
causes such as trauma, local ischemia, 
hemorrhage or pressure producing hema- 

s to 
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lic. 2. Ossitving fibroma was diagnosed after sur- 


aoe didit ee tomas. It is alwavs monostotic and tend 
gery in this young boy with frontal bulging. Note f 
the sclerosing tendency which occasionally occurs 


confine itself to a limited area of a mem- 
in this tvpe of tumor, branous bone, arising usually at a center of 
ossification, but showing no cartilage on 
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Fic. 4. The expanding characteristic of the tumor is 
found in this case, an 8 vear old boy with a mas 
the right maxilla of 3 vears’ duration. Note the 
extension of the lesion which partially obliterates 
the antrum and grows outward, involving the 
zygoma. Th 








lesion 18 dense, homogeneous. and 
shows no break in the cortical areas, 











Fic. 3. A combination. of the two roentgenologic 
characteristics of this tumor is shown in the those of oss fying fibroma. Spongv and sclerosing 


F 
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mandible of this child. The pathologic features are bone is seen in the lesion, 
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microscopic studv. Its occasional tendency 
to sclerose with extension to the surround- 
ing bone makes it impossible to differenti- 
ate from monostotic fibrous dvsplasia; but 
its clinical appearance, solitary nature and 
roentgenologic features make it distinct 
from other fibrous bone tumors. 


CONCLUSIONS 


The awareness of the radiologist in diag- 
nosing ossifving fibroma of the skull and 
face should be dictated by a strict correla- 
tion between the clinical findings and the 
very suggestive roentgenologic features. 
The final and definite diagnosis should be 
left to the pathologist. 


840 South Wood Street 
Chicago 12, Hlinois 
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Fic. $. Ossifying fibroma occurring in a 20 vear old 
patient with pain and swelling below the right eve 
of 3 years’ duration. The diagnosis was made after 
surgical removal. Note the smooth bulging with 


encroachment of the inferior. orbital area. 
bony cortex 1s intact at the orbital rim. 
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Fic. 6. (4) Anteroposterior and (B) lateral views of 
the skull of a 60 vear old patient with a diagnosis 
of osteoma. Note the similarity of the roentgen 
findings with those in the previous figures. 1t is 
possible that an ossifying hbroma may go un- 
detected for many years. A superficial biopsy may 
show only the osteoma type tissue present in the 
cortex, 


traumatic bone cyst, and fibrous (ibro-osseous) 
dysplasia of jawbones. Oral Surg., 1953, 6, ไร ยา 
[m 


g. SHERMAN, R. S, and STERNBERG, W, C. A, 
Roentgen appearance of ossifying fibroma of 


bone. Radiology, 1948, 50, 595009. 
6. SHERMAN, R.S., and GLAUSER, O. J. Radiological 


identification of fibrous dysplasia of jaws. 
Radiology, 1958, 74, 553-558. 

7. SMITH, A. G., and ZavaLETA, A. Osteoma, ossify- 
ing fibroma, and fibrous dysplasia of facial and 
cranial bones. A.ALA. Arch. Path., 1952, 54, 
£07-527. 

8. SONESSON, A. Fibro-osteoma in mandible of child. 
Acta radiol., 1950, 34, V7-24. 


May, 1964 


OSTEOCARTILAGINOUS TUMORS OF THE BASE 
OF THE SKULL* 


REPORT OF A UNIQUE CASE AND REVIEW OF THE LITERATURE 


By TRYGVE O. GABRIELSEN, M.D.,t and Lr. Coi. ALLEN F. KINGMAN, Jr., 


MC, USAt 


ANN ARBOR, MICHIGAN and FORT SAM HOUSTON, TEXAS 


NTRACRANIAL neoplasms of carti- 

laginous origin are rare.1%!5.16.21,24 The 
authors recently encountered a case in 
which an osteochondroma arose from the 
posterior surface of the petrous portion of 
the temporal bone, lateral to the cerebello- 
pontine angle. Because a review of the 
literature!-39323 has disclosed no previous 
report of a similar lesion originating in this 
location, publication of the case seems war- 
ranted. Some pertinent clinical, pathologic, 
and roentgenographic features of osteo- 
chondromas and chondromas of the base of 
the skull will also be discussed. 


REPORT OF A CASE 


This 31 year old white female was first ad- 
mitted to Brooke General Hospital on March 
16, 1962 with a 7 year history of visual diffi- 
culty characterized by quivering of images, 
particularly on looking to the right. Two years 
prior.to admission she developed progressive 
weakness and incoordination of the right ex- 
tremities. 4 diagnosis of multiple sclerosis had 
been made elsewhere at that time. Occasional 
tingling in the left hand was of 6 months’ dura- 
tion. In the 3 weeks before hospitalization, the 
patient noted tightness in the posterior cervical 
musculature but no headache. Because of symp- 
tom progression, she again sought medical at- 
tention. Roentgenograms of the skull were 
taken for the first time, with the finding of pos- 
terior fossa “calcification,” and the patient was 
referred to Brooke General Hospital. 

Physical Examination. The abnormalities 
were limited to the nervous system. The gait 
was ataxic, most marked on tandem walking, 
and there was ataxia of the right extremities, 
principally in the arm and hand. Rotary nys- 


tagmus was present on right lateral gaze, with 
a fine horizontal nystagmus on all other gazes. 
The remainder of the examination including 
audiometric and caloric studies were normal. 

Roentgenographic Examination. On the basis 
of roentgenograms of the skull, a diagnosis of 
osteochondroma of the base of the skull was 
made. 

Routine posteroanterior studies of the skull 
showed the lesion largely superimposed over 
the dense shadows of the petrous ridge and or- 
bital roof, and the tumor was, to a great extent, 
also hidden from view behind the petrous and 
mastoid divisions of the temporal bones in lat- 
eral projections. The occipital roentgenogram 
of the skull (Fig. 1) and laminagrams (Fig. 2 
and 3) were most helpful. 

A large, bony or calcified mass with irregular 
radiolucent areas within it appeared to arise in 
a cauliflower fashion from the posterior surface 
of the petrous portion of the right temporal 
bone. The intracranial part of the growth was 
thought to be confined to the posterior cranial 
fossa. In its attachment to the base of the skull, 
the medial extent of the tumor seemed to be 
near the internal auditory meatus. The lesion 
extended laterally to about one-half inch from 
the lateral cranial vault, near the sinodural 
angle. 

The left lateral dural sinus appeared to be 
well developed, whereas there was no definite 
grooving in the occipital bone from a right lat- 
eral sinus. A skeletal survey revealed no addi- 
tional osteocartilaginous growth. 

Interval Course. Because of the large size of 
the lesion and its benign character together 
with the patient's rather minimal disability, 
it was at first decided that surgical removal 
should not be attempted, and the patient was 
discharged. 

The patient remained unchanged until June 
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liG. 1. An occipital roentgenogram of the skull dem- 
onstrates a large, osseous or calcified mass arising 
from the petrous portion of the right temporal 
bone. The medial border of the lesion is thought to 
be near the internal auditory meatus. 


29, 1962. While coughing, due to an upper 
respiratory infection, she developed a sudden, 
severe headache at the vertex followed by a 
throbbing ache behind the orbits and in the 
face. She was re-admitted to Brooke General 
Hospital on June 30, 1962 in an acutely un- 
comfortable state. In addition to the previous 
neurologic abnormalities, funduscopic examina- 
tion showed venous engorgement and 1 diopter 
papilledema on the right. Mild right facial weak- 
ness was present. 

Operative Findings. The lateral ventricles 
were found to be markedly enlarged on intro- 
ducing a catheter for ventricular drainage. 
Suboccipital craniectomy revealed a com- 
pletely extradural, bony mass of varying den- 
sity arising laterally just deep to the mastoid 
process, with the base extending medially along 
the posterior aspect of the petrous pyramid. 
The mass filled one-fourth of the posterior 
cranial fossa. Piecemeal removal was carried 
out by bothintradural and extradural approach. 
The tumor contained regions of yellowish, soft, 
myxomatous appearing material. It was pos- 
sible to remove all of the intracranial portion 
of the mass, leaving a base measuring approxi- 
mately 2.5 cm. in diameter on the posterior as- 
pect of the petrous and mastoid portions of the 
temporal bone (Fig. 4). The sigmoid sinus was 
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Fic. 2. An anteroposterior laminagram through the 
base of the mass shows a bony defect where the 
lesion is attached to the underlying normal bone. 
This defect is most likely due to noncalcified 
cartilage. 


not identified and was apparently obliterated 
from long standing extradural pressure. An 
anatomic variant could perhaps also be respon- 
sible. The cerebellar tonsils were herniated 
through the foramen magnum to the level of 
C3. 


Pathologic Findings. (Examination by Capt. 





Fic. 3. A lateral laminagram demonstrates to good 
advantage the cauliflower appearance of the mass, 
which arises from the posterior aspect of the 
petrous portion of the temporal bone. There are 
areas of relative radiolucency within the pre- 
dominantly dense shadows from bone or calcified 
cartilage. 
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l'1G. 4. Artist's drawing showing the estimated base 
of the lesion at the time of surgery. 


J. M. Hardman, MC, USA.) After 10 per cent 
buffered formalin fixation, the tissue was de- 
calcified and stained with hematoxylin and 
eosin. Microscopically, the lesion removed from 
the right petrous bone had a cap of mature bone 
and a core of mature cartilage. The bone was 
randomly arranged with thick trabeculae sur- 
rounding fatty spaces devoid of hematopoietic 
cells. The trabeculae were more closely ap- 
proximated near the surface and were uni- 
versally traversed by mosaically arranged ce- 
ment lines. The eosinophilic osteoid surrounded 
lacunae filled with single, uniform unremark- 
able osteocytes. Near the core, cartilage was 
intermixed with bone (Fig. 5). The cartilagi- 
nous areas had an eosinophilic hyaline matrix 
surrounding lacunae filled with single, uniform 
unremarkable chondrocytes. Focally, the car- 
tilaginous matrix resembled loose fibrous tissue 
with or without slight mvxomatous degenera- 
tion. Centrally, the lesion contained similar, 
mature, slightly vacuolated, unremarkable 
cartilage. 

Follow-Up. Postoperatively, the patient did 
well but initially showed increased right facial 
weakness and hypalgesia 1 ท all divisions of the 
V cranial nerve. There was disorganization 
of conjugate eye movements in all directions 
and increased nystagmus. Ataxia was likewise 
increased. These findings all gradually im- 
proved, and she was discharged ambulatory 18 
days following surgery. At that time extra- 
ocular movements were normal except for ro- 
tary nystagmus on right lateral gaze, of the 
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same degree noted preoperatively. The ataxia 
was also essentially the same as prior to the 
operation, 

Following discharge from the hospital, the 
patient showed further improvement in the ex- 
tremity and truncal ataxia to a state better 
than existed immediately preoperatively. Defi- 
nite disturbance remained § months later and 
did not change during the succeeding 3 months. 
Rotary nystagmus on right lateral gaze re- 
mained unchanged, together with decreased 
pain perception in all divisions of V cranial 
nerve on the right, but there was no disturb- 
ance of touch. The right facial weakness cleared 
completely within 2 months following surgery. 
At last follow-up, the patient was pregnant. 


DISCUSSION 
CLASSIFICATION 


Intracranial neoplasms containing car- 
tilage may occasionally be found in the 
presence of similar lesions elsewhere in the 
skeleton or even associated with soft tissue 
hemangiomas.!?:152,3? Whereas the former 
have a distinct familial tendency, there is 
no convincing evidence that solitary osteo- 
chondromas and chondromas are heredi- 
tary.” 1516,17 

Osteocartilaginous growths apparently 
originating from choroid plexus or meninges 
of the brain adjacent to the cranial vault 
have been attributed to metaplasia.’ There 
is no demonstrable connection with the 
cranium in these lesions.!®!" The theory has 
also been advanced that some of the re- 
ported cases may represent unusual ossify- 
ing meningiomas.!° 

Cartilage-containing tumors of the par- 
anasal sinuses on rare occasions become 
manifest secondarily as an intracranial 
mass, especially at the floor of the anterior 
cranial fossa. They probably have a sim- 
ilar origin as chondromas and osteochon- 
dromas arising in a primary site at the base 
of the skull. Development trom cartilagi- 
nous rests retained along the basilar syn- 
chondroses appears likely,'?! since the 
bones at the base of the skull are derived 
from the chondrocranium.?'?! 

We have gained the impression that au- 
thors writing 1 ท English have variously 


Vou. gi, No. ¢ 


called cartilage-containing tumors at the 
base of the skull either chondromas or 
osteochondromas, depending on the histo- 
pathologic appearance. These growths all 
seem to be regarded as chondromas in the 
German literature, undoubtedly due to 
their generally accepted common | origin 
from embryonic cartilaginous rests. Our 
case of osteochondroma is thought to be- 
long เท this group of neoplasms. 

All of the preceding lesions should prob- 
ably be considered separate from the osteo- 
mas, which generally present in the trontal 
sinuses or on the external aspect of the 
skull. These include ivorv exostoses and 
spongy osteomas. Jaffe states that an 
Ivory exostosis ordinarily develops in rela- 
tion to a bone pre-formed 1 ท membrane 
rather than cartilage. The ร ท อ ท ย ง type 
osteoma appears to favor a similar location 
but tends to be less uniformly dense and 
larger than the ivory exostosis.” 


INCIDENCE 


The raritv of intracranial, cartilaginous 
neoplasms 1s demonstrated bv the fact that 
Leitholf?? found only 4 chondromas among 
44135 brain tumors seen at the Serafimer- 
lasarettet in. Stockholm. Of more than 
6,000 brain tumors at the Tönnis Clinic in 
Cologne, there were evidentlv 9 classified 
as chondromas of the basilar svnchon- 
droses.* 75.7 Kleinsasser!? maintains that 
these tumors are encountered even less 
frequently in this location than in paranasal 
sinuses. In 1960 he estimated that only 30 
to 35 such cases had been described in the 
world literature. We believe that 
several lesions reported by the original 
authors'!*?! as osteochondromas of the 
base of the skull are included in this 
estimate. 


LOCALIZATION 


Osteochondromas and chondromas of the 
base of the skull seem to be extradural in 
ongin but may sometimes erode through 
the dura mater. They most frequently pre- 
sent as a middle cranial fossa mass, par- 
ticularly in the parasellar region, where so 
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Fic. g. Microscopic appearance of the excised speci- 
men, which reveals the presence of both bone and 
cartilage. This section was taken from a consider- 
able depth within the tumor. 


many of the cranial sutures converge. !* 
Some of the published cases have been 
extremely large neoplasms, and the exact 
site of origin has been difficult to establish. 
In some such instances, the mass involved 
both middle and posterior cranial fossae.* 
It appears that the verv few basilar chon- 
dromas and osteochondromas reported to 
originate in the posterior cranial fossa have 
been located 1n the cerebellopontine angle 
or region of the petrous apex; daos 
The current case report has been sub- 
mitted because the osteochondroma in our 
patient definitely arose in a more lateral 
location. In its attachment to the cranium 
onlv the most medial extent of the lesion 


” A summary of cases published prior to tggi can be found in 
Kimgler’s!* extensive review of intracranial, cartilaginous tumors 
at the base of the skull. 
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reached the posterior border of the internal 
auditorv meatus. 

The petromastoid portion of the tem- 
poral bone develops from the chondrocra- 
nium as four separate ossification centers, 
which subsequently fuse.” The authors 
cannot conclusively correlate one of these 
sutures with the site of origin of the osteo- 
chondroma described in the present report. 
The tumor arose from the temporal bone 
above the petro-occipital suture (Fig. 4). 


CLINICAL FEATURES 


Chondromas and osteochondromas of the 
base of the skull show some predilection for 
females and occur mostlv from the second 


through the fifth decade of life." The 
clinical symptoms may be su urprisingly 
scanty even when the lesion is quite 


large. Our patient had symptoms reter- 
able to the tumor for at least 7 years. The 
relative lack of neurologic ตรา ร un- 


doubtedlv can be explained on the basis of 


very slow growth of the neoplasm. Such a 
protracted clinical course was also noted 
by List?! 

Although these lesions are benign histo- 
logically, they usually have a serious im- 
plication because of their critical location." 
The ultimate prognosis is poor.'? 

The operative removal of the mass is of- 
ten extremelv difficult, due to the intimate 
relation of the tumor to cranial nerves, 
large intracranial arteries, or vital centers 
in the brain stem.” Total extirpation of the 
lesion is certainly not the rule.!5?! However, 
even a subtotal excision will often give the 
patient many additional vears of useful 
life 

A relatively rapid growth or early post- 
operative recurrence should raise the sus- 
picion of chondrosarcoma. 81 Although 
a histologic diagnosis of chondrosarcoma 
would indicate an ominous prognosis for the 
patient, one should not necessarily antici- 
pate a short survival time.'® 


PATHOLOGIC FINDINGS 


An osteocartilaginous exostosis should 
preferably have at least a thin surface cap 
of cartilage, which may be difficult to 
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identify and may virtually disappear after 


growth of an osteochondroma has ceased.’ 


Such a cartilaginous rim could conceivably 
have been missed in our case, since 1t was 
necessary to remove some of the tumor 
piecemeal by rongeur. 

On the other hand, it should be noted 
that significant amounts of cartilage were 
identified deep in the main specimen sub- 
mitted for microscopic examination. (Fig. 
5). The case described by King and 
Butcher? apparently showed similar find- 
ings. They commented that the cartilagi- 
nous portions in osteochondromas as a rule 
lie superficial to the bone elements and were 
struck by the reversal of the usual relation- 
ship in parts of the tumor. 

These observations might lend further 
support to NKleinsasser’s!® statement that 
most of the so-called osteochondromas at 
the base of the skull may be chondromas 


with bone formation. Chondromas are 
certainly known to show ossification.* ^? 


The published cases of intracranial, car- 
tilaginous growths have contained wide 
different proportions of bone and car tilage. 
Some have apparently revealed no osseous 


elements and must clearly be chon- 
dromas.'!* 
However, both Jaffe and Dahlin? sav 


that islands of cartilage are at times em- 
bedded in the underlving cancellous bone of 
an osteochondroma. Consequently, the 
mere presence of cartilage deep in the 
spongv section of a bone tumor should not 
in itself exclude the diagnosis of osteochon- 
droma. 

Extracranial, osteocartilaginous — exos- 
toses grow in a fairly organized. fashion by 
endochondral ossification on the inner sur- 
face of the cartilage cap. This process 
admittedly was not demonstrated in the 
neoplasm studied by the authors and has 
probably not been adequately documented 
In pertinent previous case reports either. 
kleinsasser's observation that extra- 
cranial osteochondromas tend to have a 
more characteristic, organized, architec- 
tural pattern than the intracranial ones 
may be significant. Nevertheless, the 
authors have found no definite objection to 
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Fic. 3. G7) Right and (B) left torus, demonstrated by lateral oblique exposure only because of edentia. 
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Vic. 4. (4, B, C and D) Bilateral tori demonstrated by 4 exposure-postures. The small dental-root 
roentgenograms are characteristic and should be recognized. 
either by excision (reportedly a very easy REFERENCES 
procedure) or adaptation of the denture 1 Burken, L. W. Oral Medicine. Third edition. 
design to fit about them. Most authors J. B. Lippincott Company, Philadelphia, 1957. 
believe thev do not recur after excision. 2. Ennis, L. M. Personal communication. —_ 
3. Ennis, L. M., and Barry, H. M. Dental Roent- 
SUMMARY genology. Lea & Febiger, Philadelphia, 1959. 


Torus mandibularig is a benign over. 4 MOAS Setar Occurrence of torus palatinus and 
wa X. 1 4. E A. X xal ve 5 ma : re x ม x : a 
7 torus mandibularis in 2,478 dental patients. 


growth of cortical bone, creating a clinical 0 1+0 
4 * E : i l m. . ] * ; o" oe m " n จ hoe P “3 ด ต PK aE Vm m te : * | 
problem when its size and position interfere gs. Pekarsky, R. L. Torus mandibularis and pala- 


with dentures of the mandible, or when it tinus. Dental Radiography & Phot, 1952, 25, 
causes cancerophobia. The best roent- 0 27-31. 


6. SeaLeyY, V. T. Torus mandibularis. Australian F. 
Dent., 1940, 50, 313. (Quoting Allen, W, “The 
Jaws and Dentition of Tasmanian Aborigines." 


genographic technique for its demonstra- 
tion 1s considered. 


Department of Radiology Australian College of Dent,, Thesis, 1940). 
Presbyterian Hospital 7. Tuomas, Kurt H. Oral Pathology. Second edition, 


Philadelphia 4, Pennsylvania C. V. Mosby Company, St. Louis, 1944. 
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EXPERIMENTAL HEAD TRAUMA* 





N THE EARLY 


POST-TRAUMATIC PERIOD 


By 5. DAVID ROCKOFF, M.D., M.Sc. (gaptotocy),T avd AYUB K. OMMAYA, FLR.CS.£ 
BETHESDA, MARYLAND 


HE cerebral vascular alterations which 

take place as the result of head trauma 
are of interest for many reasons. Para- 
mount among them is the role such altera- 
tions may plav in the development and 
course of concussion after head trauma. 
Also, knowledge of the sequential cerebral 
vascular alterations following trauma, 
especially as determined neuroroentgeno- 
logically, might afford a method for clinic- 
ally predicting the severity of the cerebral 
damage and for following its subsequent 
course. 

This report concerns further details of 
observations made as part of a continuing 
study of experimental head trauma, a pre- 
liminary report of which has already been 
made.? In this communication, special em- 
phasis is placed upon the results of cerebral 
angiographic studies performed in the in- 
terval 15 to 30 minutes after trauma. Addi- 
tional experiments designed to elucidate 
observations made on the angiographic 
study are also reported. 


METHOD 


Twenty-four monkevs (M. mullata) of 
approximately 3 kg. weight and one chim- 
panzee were used. The animals were divided 
into two major groups: those to be used for 
control experiments, and those to which 
head trauma was to be administered. Head 
trauma was produced by à compressed air 
gun, using firing pressures ranging from 1 ๐ 
to SO p.s.i. A cervical collar was fashioned 
so that the animal could be struck on the 
head with or without immobilization of the 
cervical spine. The details of the prepara- 
tion of the animals tor the studies were 
given in the earlier paper.* Using acceler- 
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big. 1. Apparatus for administering head trauma 
and recording accelerometric data. 


ometers connected to the skull, photo- 
graphic recordings were made from an 
oscilloscope of the deflection of the head at 
the moment of impact, from which the 
actual peak acceleration was calculated. 
The apparatus for administering the 
trauma is shown in ligure 1. In monkevs 
prepared for carotid angiography, the right 
common carotid arterv was catheterized 
with a No. 16 Intracath. Those animals in 
which the blood-brain barrier was to be 
studied received 5 cc. of sodium fluorescein 
intravenously at least 1 hour before head 
trauma or angiography. 

The physiologic data which were re- 
corded on a Grass 8-channel electro- 
encephalographic machine consisted of 
four channels of electroencephalograms, 
one of an electrocardiogram (standard limb 
leads) and one of respiration (with a chest 
pneumotachometer). In 3 animals, intra- 
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arterial blood pressure was recorded on a 
D.C. strip chart recorder. Of the trauma- 
tized animals, 7 were allowed to regain full 
consciousness after preparation. Trauma 
was then administered while thev were im- 
mobilized in a neoprene suit after local 
analgesia of the region to be traumatized. 
Of those animals in which carotid angiog- 
raphy was performed, — serialographic 
roentgenograms were made with the heads 
in the lateral projection. A Sanchez-Perez 
film changer, taking roentgenograms at 1 
second intervals for 12 seconds, was used. 
The contrast material (so per 
paque) was injected as rapidly as possible 
by hand through the carotid catheter. 


Aside from the control animals, 1.5 cc. of 


contrast material was generally used per 
injection, although larger volumes were 
used 1 ท 2 traumatized animals. To allow 
ease of study of the roentgenograms, the 
image was magnified by using a 0.3 mm. 
focal spot in the roentgen rav tube and dis- 
placing the animal from the film. All films 
were processed in a Kodak N-omat Auto- 
matic Processing Unit. Plain. roentgeno- 
grams of the cervical spine and skull were 
made after trauma in order to determine 
the presence of skull or cervical spine frac- 
ture or dislocation. 

All animals were sacrificed within 4 hours 
after the trauma and the brain and upper 
spinal cord were removed ez bloc and note 
was made of hematomas, fractures, hemor- 
rhages and contusions. Examination under 
an ultraviolet lamp was performed and 
areas of fluorescence were noted and photo- 
graphed. After surface study, cut sections 
of the brain and cord also were studied. 

Of the animals to be used in the control 
experiments, 1 was prepared in the same 
fashion as the animals to be traumatized 
and to be studied angiographically, except 
that no contrast material was injected and 
no trauma was applied. This animal was 
used to determine the effect of carotid 
ligation and general anesthesia on the 
blood-brain barrier. The animals to be used 
for the study of the effect of the contrast 
material on the cerebral angiograms and 
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the blood-brain barrier were prepared in 
similar fashion, except that no trauma was 
administered and multiple injections of 
contrast material (so per cent hypaque) 
were given (Table 1). 

RESULTS 

. From the control experiments performed 
(Table 1), it was established that the 
method of carotid ligation and general 
anesthesia used in this series did not cause 
any change in the physiologic parameters 
measured nor did it cause a breakdown of 
the blood-brain barrier, other than at the 
expected sites. The results of the control 
experiments further showed that อ 
sO per cent, in volumes ranging from 1.5 to 
3.0 cc. injected as many as 4 times, ced 
no alteration. of the cerebral circulation 
time nor in the roentgenographic appear- 
ance of the vessels (Fig. 2, .7-D). The in- 
jections of contrast material did cause, 
however, a breakdown of the blood-brain 
barrier, but this was primarilv in the grav 
matter of the brain. When repeated doses 
of 1.5 cc. were used, the breakdown ob- 
served was minimal. [t is interesting that in 
2 animals (M-12, M.16), the breakdown 
was seen in both hemispheres, even though 
the injections were unilateral. 

In Table 11 are summarized the data ob- 
tained is s EE 0 d 
0 0 trauma 0 2 Were given ต ร ์ ล่ 
to the temporal region. Both animals re- 
ceiving temporal trauma were given 2 
blows each to the same region. Also, two 
blows were given to one of the animals 
receiving occipital trauma. The head and 
cervical spine were free to move during 15 
of the blows and immobilized during 9 
blows. The accelerations achieved bv the 
blows were found to be dependent upon: 
the site of the blow (occipital blows created 
more acceleration than temporal), the force 
of the blow, and the mobility of the head 
and cervical spine. 

The criteria used for determining the 
presence of concussion due to the blow 
were: loss of the responses to external 


stimuli including pain; respiratory arrest of 
over 3 seconds followed bv slow irregular 
respirations and, thirdly, a true brady- 
cardia. In those animals in which concus- 
sion was produced under pentoth al anes- 
thesia, only the latter 2 criteria were used. 
Cessation of respiration occurred consist- 
ently OR concussion, lasted for periods 
up tosg was then replaced by 
' “otten gasping, slow respiration. 
This abnormal respiration invariably per- 
sisted for the duration of unconsciousness. 
Simultaneously, a marked slowing of the 
heart rate was consistently noted on the 
electrocardiogram, often attended by ir- 
regularities of rhythm. Concussion invari- 
ably resulted in an increased amplitude and 
slowing of the rhythmic activity on the 
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electroencephalogram, changes whose dura- 
tion also paralleled the duration of uncon- 
sciousness. When the blow did not produce 
concussion, no significant effects were seen 
in the electroencephalogram, electrocardio- 
gram or respiration, Utilizing the criteria 
described, 14 of the traumatized animals 
were considered to have been concussed 
while in 7 animals, concussion was not 
produced, even though 3 of these animals 
received 2 blows each. 

The mechanical factors related to con- 
cussion were discussed in detail 1 ท our 
earlier paper.* Briefly, these data showed 
that it is more difficult to produce concus- 
sion with the neck fixed than with the head 
free to move on the neck. This finding, 
which suggests a "ก effect against 
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Cerebral Angiographic | 
Findings | 


| Normal angiogram 
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performed 
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| Normal angiogram | 

| No spasm, no slowing | 
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| Normal angiogram | 
| Normal angiogram | 

No spasm, no slowing | 
Normal angiogram | 
Normal angiogram | 
No spasm, no slowing. | 


aholi E xamination 


| No B.B.B.B.* 


TOME Material I obedit" 


Pathologic Examination 





| Not done 


| Normal angiogram | 
No spasm, no slowing | 
| Normal angiogram 


B.B.B.B. on side of injection in dis- 
tribution of the middle cerebral 
artery, gray matter predominantly 


B.B.B.B. predominantly in gray mat- 
ter bilaterally 

B.B.B.B. predominantly in gray mat- 
ter bilaterally 


Not done 


Not done 


+ M-8, M.17, and M-20 were used for trauma experiments after the control studies. 


Vou, 





iG, 2. Control angiograms (M.16, 
first injection and C and. D are 
injection, 


or appe arance of Vess sels. 


Table 1). 
from the 


concussion afforded by cervical spine im: 


mobilization, is $ 0 »v analysis of 


the blood-brain barrier breakdown studies 
(Table 11), which showed that occipital 
trauma with the neck fixed (M-11, M-17, 
M-24) produced no breakdown in the cer- 
vical cord or brain stem while occipital 


trauma with the head free to move (M.6, 


7, 10, 13, 15, 18, 19) uniformly caused 
breakdown tn t ye brain stem and occasion- 


allv in the cervical expansion. 

Compari: son of the cerebral angiograms 
made before and after occipital trauma 
(M.1,6, 8, 11, 17, 20, 22) in the interval 15 


to 30 เณ following the trauma re 
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second injection, 
Note that injections of contrast material without trauma cause no 
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NO 





fand B are arterial and venous phase ro entgenograms from 
Numerals E to time in seconds after 


change in circulation time 


m 


Table i) 

in which the circu 
tion time was measured bv serialographic 
roentgenograms (M.8, 11, 17, 20, 22), there 
was slowing of the cerebral circulation 
following trauma (Fig. 3, A-D). The slow- 
ing was observed whether or not skull trac- 


'ealed the following findings ( 
(a) In all animals 
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ture or sutural diastasis occurred due to the 
trauma. In one animal in which the calcu- 
lated acceleration was 3,400 g. (M-22), it is 
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sting to note that the most profound 
arterial 
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though circulatory slowing occurred in this 
group of animals whether or not concussion 
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Primate 
No. 





M-1 


M-10 


Caf ' 


| 


Site of 
Blow 


occipital 


‘occipital 


occipital 
occipital 
rt. temporal 


rt. temporal 


rt. temporal 
rt. temporal 


occipital 


occipital 


occipital 


occipital 


occipital 
occipital 


occipital 
occipital 


occipital 


occipital 


occipital 


occipital 


occipital 


occipital 


occipital 


occipital 


Air 
Pressure 


20 p.s.i. 


‘10 p.s.1. 


1$ p.8.1. 
I5 p.s.i. 
35 p..i. 


5 ๐ p.s.L. 


SO PRL 
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59 p.s.1. 
50 p.s.i. 


50 p.8.1. 
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50 p.&.l. 


50 p.s.1. 


$0 p.&.1. 


50 p.s.1. 
50 p... 


25 p.s.i. 
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Neck 





Free 


Fixed 


Fixed 


Calculated 


Acceleration 





$00 g. 


9o p. 


not recorded 
not recorded 
not recorded 


not recorded 


120g. 
129 g. 


939 E- 


not recorded |: 


780g. 


300 g. 

not recorded 
I,700g. 
1,850g. 


I,IOOg. 
1,900 g. 
1,950g. 
I,OIOg. 


not recorded 


35,4090 g- 


technically 
unsatisfac- 
tory 

technically 
unsatisfac- 
tory 


* B.B.B.B.—blood-brain barrier breakdown. 
t Chimpanzee. 


1 M-21 was used for biochemical studies, to be reported later, 





TABLE Il l 
RESULTS FROM TRAUMA EXPERIMENTS 


Pathologic and Fluoresceir. 


- Blood-Brain Barrier 
Studies 


B.B.B. study not done. 


Brain normal micro- 
scopically one week 
later 
B.B.B. study not done. 
Brain normal macro- 
.scopically 
Not examined 


B. B. B.B.* right tempo- 
ral and minimum con- 
trecoup อ 

++ edema on right. 
Brain stem normal 

Same findings as in M-4 


Occipital epidural clot 
and occipital edema 
and B.B.B.B..  ~ 


B.B.B.B. occipital re- 
gion, but maximal in 
brain stem and cervi- 
cal cord 

B. B.B.B. occipital, Pons 
contused, 


B.B.B.B. occipital and 
brain stem and white 
matter of fornix 

Not done 

B, B.B.B. occipital. Nor- 
mal brain stem 


B.B.B.B. occipital and 
brain stem 

B.B.B.B. occipital and 
brain stem 

B.B.B.B. occipital and 
rt. hemisphere. Nor- 
mal brain stem 

B. B.B.B. occipital and 
brain stem and cervi- 
cal cord 

B.B.B.B. occipital and 
brain stem and cervi- 
cal cord 

Not done 


Not done 


Not done 
Not done 


B. B.B.B. occipital and 
arasagittal, Normal 


rain stem 


Angiographic Findings 


Arteries and veins smal- 
. ler after trauma. Cir- - 


culation time not meas- 
ured 
Not done 


Not done 


. Not done 


Not done ' 


Post-trauma displace- 
~ mentofsagittalsinus. 
- Circulation time not 
measured. Probable 
posterior parietal stain 


Not done 


Definite prolongation of 
circulation time post- 
trauma 

Not done: 


‘Not done 


Very slight prolongation 
of circulation. time 
post-trauma 

Not done 


Not done 


Definite prolongation of 
circulation time post- 
trauma 

Not done 


Not done 


Definite prolongation of 
circulation time post- 
trauma 

Not done 


Marked prolongation of 
circulation time post- 
trauma 

Technically unsatisfac- 
tory 


Not done 
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Sutural 
separation 


No 
No 


Sutural 
separation 
Sutural 
separation 
Depressed 
occipital 
fracture 
Occipital 
fracture 


Occipital 
fracture 

Occipital 
fracture 


Not 
examined 

Occipital 
fracture 


Not 
examined 


Not 
examined 
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Fic. 3. Slowing of cerebral circulation after trauma (M-17, 1 
post-trauma angiograms, Numerals refer to time in 


“+ 


the arteries before and after trauma. Note also the depre 


after trauma. 


had been produced, in the one animal with- 
out concussion in which this was measured, 
the slowing was verv slight. 

(b) In one animal (M-6), post-traumatic 
displacement of the sagittal sinus was seen, 


in which location at the time of autopsy an 
epidural hematoma was found (Fig. s, 


1-F). Also, an apparent posterior parietal 
stain was noted in the post-trauma roent- 
genograms. The location of this stain 
coincided with an area of breakdown of the 
blood-brain barrier. No stains were seen 1n 
anv of the other animals, even though 
blood-brain barrier breakdowns occurred in 
all of them to some degree. Perhaps the 
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able i), Æ and B are pre-trauma and C and D 
ction, Note similar appearance of 
d parieto-occipital fracture 





seconds after inte 
ssed, comminut 





volume of contrast material used to studv 
this animal (4 cc.) was necessary to visual- 
ize the breakdown angiographically. The 
only other traumatized animal receiving 
more than 1.5 cc. of hypaque for an injec- 
tion (M-1) did not have a study of the 
blood-brain barrier performed and no stain 
was seen angiographically. 
(c) In the first animal studied (M-1), 
post-traumatic narrowing of the 











detinite 
arteries and veins was observed. This was 
not observed in any of the other animals. 
This animal received a larger dose of con- 
trast material than the subsequent animals 
(s cc. per injection as opposed to 4 cc. in 
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lic. 4. Marked slowing of cerebral circulation after trauma (M-22, Table 11). Z and B are pr 


trauma and 





Cand D are post-trauma angiograms. Numerals refer to seconds after injection, Note thatin D, the periph- 





eral cerebral arteries are still fillec 
graphic appearance of the arteries in. 
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M-6 and 1.5 cc. in all others). Although the 
large volume of contrast material used can- 
not be entirely eliminated as a causative 





factor in the spasm seen, control injections 
of 3 cc. given 4 times in succession (M-9, 
Table 1) failed to produce such spasm. Also, 
monkey M-6, which received 4 cc. per in- 
jection, showed no change in the caliber of 
the . The injection time in this 
animal was so long that the circulation time 
could not be accurately estimated. 

In 3 animals ( So And C-i), mtra 
arterial blood pressure recordings were 
made before and after angiography and 
after trauma. The blood pressure record- 
ings were equally normal at the time of the 
control and post-trauma angiography, even 
though one of the monkeys in which this 


m 














vesse 
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l with contrast material 11 seconds after injection, while the angio- 
7 and C is similar. 


was measured wi s accelerated tO m 





when concussion was produced (M-22). 
Thus, the cerebral circulatory slowing ob. 


served angiographically was not du 
hypotension. 


mm 





fto 








DISCUSSIO 


The method of cerebral angiography, 
with carotid ligation and cannulation, pros 
vided a reproducible method for visualizin g 
the cerebral vasculature. While the blood 
How characteristics to a hemisphere are 
altered by ligation, it has been shown in 
man that the pressures in the intracranial 
vessels, after cervical carotid igation, are 
about 60-80 per cent of the pre-ligation 
pressures.’ Further, our control experiment 
howed that carotid ligation did not by 
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itself cause a breakdown of the blood-brain 
barrier. Although hypaque $0 per cent did 
cause a breakdown in the blood-brain bar- 
rier, it did not cause any significant change 
in the cerebral circulation time or appear- 
ance of the cerebral vessels angiographic- 
ally. The slowing of the cerebral circulation 
seen in the interval 15 to 30 minutes follow- 
ing cranial trauma w as thus, in fact, due to 
the trauma. The fact that the electro- 
cardiographic findings and blood pressures 
were very nearlv 
post-traumatic angiography as before the 
trauma excluded central cardiovascular 
causes, such as hvpotension, for the cere- 
bral circulatory slowing observed. It is 
interesting to note that the greatest degree 
of cerebral circulatory slowing was seen in 
the animal which was accelerated the most 
(M-22; 3,400 g.) (Fig. 4, 4-D), while the 
circulatory slowing in an animal which was 
not concussed (M-11) was minimal. This 
implies some correlation between the sever- 
ity of the trauma and the degree of circula- 
tory slowing. 

The actual relationship of circulatory 
slowing in the interval 15-30 minutes fol- 
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the same at the time of 
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lowing trauma to the development of con- 
cussion is uncertain. In all of the animals in 
which the circulation time was measured 
angiographically before and after trauma, 
post-traumatic slowing was observed, even 
though one of these animals was not con- 
cussed. Since concussion in our experiments 
was a transient event which was generally 
well over by 15 minutes,? the circulatory 
studies which are to be done during and 
immediately following head trauma will be 
of more help in clarifying this possible rela- 
tionship. It is, for instance, possible that 
the circulatory slowing is maximum in- 
itially and decreases thereatter. 

Although the causes for the cerebral cir- 
culatory slowing in the early post-trau- 
matic period are still obscure, it may be 
helpful to discuss the possible mechanisms. 
Perhaps it is simply secondary to arterial 
spasm. Spasm has been well documented 
following other insults to the brain such as 
rupture of aneurysms and, experimentally, 
following mec ‘hanical snl ton It has 
been shown that stimulation of the brain 
stem can alter cerebral blood flow, inde- 
pendent of cortical electrical activity, and 





lic. ร . Vascular stain and epidural hematoma after trauma (M.6,* 
D, E and F are post-trauma 9 Note the parietal stain (parietal arrows in E and F'j after trauma. 
The first post-trauma angiogram (D) demonstrates that the stain is not artefactual. Note post-traumatic 
displacement of sagittal sinus at site of epidural hematoma (occipital arrows in 7). 


Table 1. 4, B and C are pre-trauma and 
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Fic. 6, Speculative relationships of primary cerebro- 
vascular changes following head trauma. 


occasionally this. stimulation results in 
vasoconstriction.” Perhaps the brain stem 
damage demonstrated in the concussed 
animals in our experiments was, at least 
partlv, related to the cerebral circulatory 
slowing observed. Very recently, Huber! 
pointed out that areas of arterial narrowing 
occur on cerebral angiograms of head 
trauma patients. [f arterial spasm is caus- 
ing the circulatory slowing seen in our 
experiments, then it must either be of a 
relatively minor degree or occur at the 
arteriolar level, since no consistent change 
in the caliber a the arteries or degree of 
peripheral vascular filling was noted when 
comparing pre- and post-trauma roent- 
genograms. Ít is recognized, however, that 
small changes in diameter, which might not 
be detected angiographically, could cause 
relatively large changes in the cross sec- 
tional area of a vessel and thus affect the 
vascular resistance. 

Another possible explanation for the cir- 
culatory slowing observed is the develop- 
ment of cerebral edema. It has been shown 
that the volume of the brain increases after 


concussion as much as 3 to 3.4 per cent in 
the interval n to 26 minutes after the 


ห ญู @ 


trauma.!^ the post-trauma angio- 
grams in our ORUM ts were made 14 to 
3 ๐ minutes after the trauma, the relation- 
ship of circulatory slowing to cerebral 
edema mav be significant, Even if related, 
however, it still remains to be shown 
whether circulatory slowing is due to the 
cerebral edema, or 1s an additional cause 
of it. 

A third possibility for the cerebral cir- 
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culatory slowing is the 
intravascular aggregations of blood cells.27 
These have been generally described, p 
ever, as following quite severe crushing 
injuries. Since circulatory slowing was ob- 
served following even relatively minor 
head trauma, the possibility of intravascu- 
lar thrombi being the sole cause for the 
slowing ts doubted. 

The use of sodium fluorescein to study 
the breakdown of the blood-brain barrier 
atter trauma provides a sensitive method 
which indicates the immediate location of at 
least one component of the vascular lesion. 
Since breakdown of the blood-brain barrier 
is usually associated with functional 
changes in nervous tissues,’ it may well be 
that our observations of circulatory slow- 
ing in the angiogram is in some way related 
to the breakdown of the barrier, one basic 


development o : 


expression of which mav be cerebral 
edema. 
There are thus three cerebrovascular 


aspects of head trauma whose relation- 
ships must be clarified: slowing of the cere- 
bral circulation, breakdown of the blood- 
brain barrier, and the development of cere- 
bral edema. As illustrated in Figure 6, it 
may well be that thev are related by à com- 
mon factor, herein called “unknown physi- 
ologic changes." Such changes mav be in 
the form of morphologic alterations in the 
ghal barrier leading to breakdown of the 
blood-brain barrier, or to a biochemical al- 
teration in the neural or ghal elements 
which produces the same effects. Whether 
the cerebral edema which follows head 
trauma arises secondary to the “unknown 
physiologic changes" or to primary changes 
in the blood-brain barrier , à possible result- 
ant could be cerebral circulatory slowing. 
Such slowing could then, in turn, aggravate 
the primary changes and lead to further 
trauma to the nervous svstem. However, it 
is quite possible that the circulatory slow- 
ing may be a primary change itself, in 
direct response to the trauma, which “0 
then lead to cerebral edema or to break- 
down of the blood-brain barrier, by way of 
the "unknown physiologic changes." ไท 


Vor. 91, No. ¢ 
order to help elucidate the sequences and 
nature of these time related events, further 


experiments are 1n progress. 


SUMMARY AND CONCLUSIONS 


The results of a series of experiments 
investigating the cerebral angiographic 
changes which take place in the interval 15 
to 30 minutes following head trauma to 
primates are presented. Consistent cerebral 
vascular slowing is demonstrated angio- 
graphically. The possible mechanisms of 
this slowing and its relationship to the de- 
gree of trauma, to the production of con- 


cussion and to the blood-brain barrier 
breakdown observed are discussed. 


S. David Rockotf, M.D. 

Diagnostic X-Ray Department Clinical Center 
National Institutes of Health 

Bethesda 14, Maryland 
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NONPATHOLOGIC AND PATHOLOGIC 
RELATIONSHIPS BETWEEN THE 
LOWER CERVICAL VERTEBRAE* 


By I. 


GRONINGEN, THE 


pE ,RUSAL of the literature reveals a 
diversity of opinions on the borderline 
between normal and pathologic cervical 
vertebral realtionships. This is particularly 
true for minor displacements, which are 
interpreted as subluxations bv some 
authors, while others beleve that they 
should be regarded as physiologic. The lack 
of agreement must be partly ascribed to an 
insufficient knowledge of the normal inter- 
vertebral motor mechanism, and to the 
resulting lack of familiarity with the rela- 
tive positions of the vertebrae in unusual 
postures of the spine. Normally, roentgeno- 
graphic examination of the cer vical spine 
demonstrates the vertebrae in standard 
positions, and information is therefore ob- 
tained only on the vertebral relationships 
in these positions. 

The purpose of this paper is to study the 
mechanism of normal motion in various un- 
usual postures of the cervical spine and 
thereby establish criteria for a more ac- 
curate differentiation between pathologic 
and nonpathologic vertebral relationships. 
The discussion is confined to the lower 
cervical region, from C2 to Di, which 
widely differs functionally from the upper 
cervical region with its atlanto-occipital 
and atlanto-axial articulations. The lower 
cervical region includes 6 mobile interverte- 
bral connections, the so-called motor seg- 
ments (Junghanns) C2/C3 through C7/D1. 
Movement in these segments is chiefly in 
the sagittal plane (Hexion, extension). To 
study this movement, 
the cervical spine are obtained in maximal 
flexion, in neutral position and in maximal 
extension. The most reliable results are 
secured with the subject in a sitting posi- 


roentgenograms of 


PENNING, M.D. 


NETHERLANDS 


tion (Fig. 1, 7-C). 

In the literature" the roentgenologic 
studies of movement in the sagittal plane 
have been chiefly quantitative, measuring 
the excursions between the vertebrae; the 
qualitative features the mechanism of 
movement--have been neglected, although 
anatomists??: 7.79?! were interested in analy- 
sing the mechanism of movement even be- 
fore the roentgen era. Fick’ was familiar 
with the position of the motor axes in the 
cervical region, but the data collected by 
him received hardly any attention in the 
roentgenologic literature. 


NONPATHOLOGIC RELATIONSHIPS 
MOTOR DIAGRAMS 

For an analysis of the mechanism of 
movement of the lower cervical vertebrae, 
the lateral roentgenograms obtained in 
maximal flexion and maximal extension are 
combined to form the so-called motor dia- 
grams, (“Bew ES I Buetti- 
Báuml), as shown in Figure 2. Type 1 
shows the superior vertebra in a fixed posi- 
tion of maximal flexion and maximal ex- 
tension. Type u depicts the same move- 
ment, but with the inferior vertebra in a 
fixed position. A tvpical feature of the 
mechanism of movement of the lower cer- 
vical vertebrae is the sliding motion of the 
superior vertebra relative to its inferior 
partner. In consequence of this sliding 
motion, a step (“step-off”, Hadlev!?) is 
formed along the ventral wall of the spinal 
canal in flexion, and a reversed step in 
extension. [n flexion, the dorsal borders ot 
the vertebral bodies are thus arranged like 
a flight of steps, while in extension the 
arrangement resembles a washboard pat- 


* From the Neurosurgical Clinic (Prof. C. H. Lenshoek, M.D.), and the Radiological Institute (Prof. J. R. Blickman, M.D.) of the 


Groningen University Hospital, The Netherlands. 
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Fic. 1, Lateral roentgenograms of the cervical spine of a 4 year old boy in 2) flexion, (B) neutral 


position, and (C) extension, 


tern. The extent of the sliding movement is 
dependent on the extent of the excursion 
and on the position of the motor axis. 


EXTENT OF NORMAL EXCURSION - 
The extent of normal excursion 1n the 
lower cervical region has been determined 
by various investigators" 519/73. jt is pre- 
sented in Table 1. These values apply to 


voung adults. In children the excursions ob- 
served in segment C2/C3 are considerably 
greater;in 6 normal children under 16 vears 





type 1 


lic. 2. Diagrams of two types of motor function in- 
dicating the relative movement in the sagittal 
plane of a pair of lower cervical vertebrae, In type 
1, the superior vertebra is supposed to be fixed, 
while the inferior vertebra is in the extreme 
Hexion and extension positions. In type i the re- 
verse is presumed, (1) Motor axis; (2) flexed posi- 
tion of the mobile vertebra; (3) extended position; 
(4) articular process; (5) spinous process, Total 
movement range 29°. (Reproduced with permission 


น ฑ์ 
M c 


from J. Bone & Toint Surgery, 1963, 45-1, 1671— 
1678). 
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AVERAGE EXCURSIONS AND RANGE OF VARIATION OF THESE EXCURSIONS OF THE LOWER CERVICAL 
MOTOR SEGMENTS IN THE SAGITTAL PLANE, ROENTGENOLOGICALLY DETERMINED IN YOUNG ADULTS 
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average 
excursion 


average 
excursion 


of age, we found an average excursion of 
20" (14 PS 847). 


AXIS MOVEMENT 


The position of the axis movement was 
studied in 30 vertebral columns; it was 
always found in the dorsal half or in the 
central part of the inferior vertebral bodv. 
The axes of the superior motor segments 
are In a position more caudal and dorsal 
than that of the axes of the inferior motor 
segments. The axis of C6; C7 lies in or just 


Fic. 3. Average position of the axes of movement 
(sagittal plane) of the lower cervical vertebrae in 


30 normal test subjects. 
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below the center of the cranial roofplate of 
C7. The average position of the motor axes 
is shown in Figure 3. 


PSEUDO-SUBLUXATION 


The above findings indicate that, excur- 
sions in all lower cervical motor segments 
being equal, step formation will be most 
pronounced in segment C2; C35. In adults, 
however, step formation shows the same 
degree throughout because of less marked 
mobility in the upper cervical region. 
Children may show striking step formation 
in segments C2/C3 and C3/C4, particu- 
In the past, this has repeatedlv led to a 
diagnosis of subluxation; todav this condi- 
tion is known as pseudo-subluxation.*!! Of 
course, the step formation 1s characteristic 
for the flexed cervical spine and not for the 
cervical spine in a neutral position. How- 
ever, the investigator should not be misled 
by the position of the head when estimating 
the position of the lower cervical spine. In 
recumbent patients (particularly when 
they are unconscious) the cervical spine 
will sag and thus assume flexed position, 
while the head is in the neutral position. 
Step formation in the segments C2, C3 and 


ARCUAL KYPHOSIS 


A similar phenomenon can be observed 
in some cases of so-called “stitt neck" in 
young subjects, where an acute arcual 
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Fic. 4. 64) Lateral roentgenogram of the cervical spine of an 11 year old boy who developed nuchal rigidity 
and pain following a playfal bout of wrestling. There is arcual kyphosis. The patient is sitting with the head 
in ortho-optic position. (B) Roentgenogram 1 week later. The patient is again sitting with the head in 


ortho-optic position. The normal lordosis is restored. 


kyphosis, as the result of a reflex spasm of 
the paraspinal muscle groups, follows 
trivial injury of the neck or infection of 
the upper respiratory tract? (Fig. 4, -7 and 
B). Once, we encountered the combination 
of an arcual kyphosis with a prevertebral 
hematoma (Fig. 5). 


ARCUAL SCOLIOSIS 


In addition to flexion and extension, the 
lower cervical motor segments allow a rota- 
tion which amounts to some 6-87 to the 
right and to the left for each segment.” 
Because of the oblique position of the 
intervertebral Joints, rotation is always 


There were no symptoms. 


combined with lateral flexion, and vice versa. 
If the cervical spine with the head is later- 
allv flexed, while the head is not rotated, 
the rotation of the lower cervical spine is 
completelv compensated by a counter rota- 
tion in the atlanto-axial Joint. Àn antero- 
posterior roentgenogram obtained in this 
posture reveals a deviation of the spinous 
process of the axis, contralateral to the side 
of flexion of the head. A similar appearance 
is observed in the scoliosis of the cervical 
spine which can be compared to a cervical 
spine in lateral flexion. Thus in scoliosis 
deviation of the spinous process of the axis 


* 


is a phystologic phenomenon. The direction 
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Fic. c. Lateral roentgenogram of the cervical spine of 


a 4 year old girl, who was overthrown by a cyclist. 
There is a prevertebral hematoma (increased dis- 
tance between the windpipe and the vertebral 
column). There is arcual kyphosis of the cervical 


spine, 
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Fic. 7. G4) Lateral roentgenogram of the cervical 
spine of an 11 year old boy after injury, while div. 
ing head first. The roentgenogram was taken in the 
sitting position, There is isolated flexion of segment 
to tearing of the posterior ligaments. There is a chip 
fracture of the spinous process of the axis. (5) Line 
drawing of 4. 


of the deviation 1n these cases corresponds 
with the convexity of the scoliosis (Fig. 6). 


PATHOLOGIC RELATIONSHIPS 
ÁANGULATIONS 


The so-called angulations (‘Knickun- 
gen") are foremost among the pathologic 
vertebral relationships.*" In normal sub- 
jects the cervical spine is never angulated, 


but alwavs shows smooth curves. Strictly 


Fic. 6. Frontal roentgenogram of a scoliotic cervical 
spine with the convexity to the left. The deviation 
of the spinous process of the axis to the left must 
be regarded as a physiologically concomitant 
phenomenon. 
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speaking, the relationship between angu- 
lated vertebrae as such is not pathologic 
because the vertebrae assume a position 
that is functionally possible; however, the 
position assumed is not in accordance with 
d the over-all picture. An example of a 
ky photic angulation is shown in Figure 7, 4 
and B, where the spine as a whole is in a 
neutral position, while motor segment 
C2, C3 shows maximal flexion. The term 
subluxation is not justified bv the step 
formation between the two vertebrae nor 


cervical spine in a case of traumatic compression 
of the left articular process of C4. There is scoliotic 
angulation in the segment C4/Cs. (/) Lateral 
roentgenogram shows the compressed articular 


process of C4 to greater advantage. According to 
Whitley and Forsyth the inferior facet tends to 


be horizontal and the lateral mass is almost tri- 
angular in shape. At the same time there is a 
slight anterolisthesis of C4/C 5. 


a Ñ Vic. 8, (4) Anteroposterior roentgenogram of the 
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Retrolisthesis of Cc; Có in a so vear old 
woman caused by narrowing of the intervertebral 
disk space. 


iG. 9. 


by the diastasis of the spinous processes, 
because these are physiologic phenomena in 
Hexion. The cause of the kyphotic angula- 
tion is traumatic hyperflexion of the neck 
associated with rupture of the posterior 
ligaments at this level (flexion. sprain). 
Minor kyphotic angulations mav result 
from disk degeneration. The reverse of a 
kyphotic angulation is a lordotic angulation 
(or isolated flexion). As has been pointed 
out isolated rotation of one of the lower 
cervical motor segments is of necessity 
associated with isolated lateral flexion, 
visible on anteroposterior roentgenograms. 


L. Penning 
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We propose to refer to this condition as 
scoliotic augulaticn. An example is presented 
in Figure 8, 4 and B. 


SLIPPING (OLISTHESIS) 

l.uxations or dislocations can be defined 
as standing disruptions of the physiologic 
contact between articular surfaces.’ Strictly 
speaking, dislocations of vertebral bodies 
are impossible because the bodies are con- 
nected not bv true Joints, but bv disks. 

Retrolisthesis. The vertebral relationship, 
demonstrated ir. Figure 9 may therefore 
better not be described as a dislocation or 
(sub) luxation because there is no complete 
or partial disruption of the contact between 
the articular surfaces (of the intervertebral 


joints). We prefer to refer to this condition 


as retrolisthesis.? Retrolisthesis (from the 
Greek word olisthanein = to slip) is a not 
infrequent finding in elderly cevical spines 
with degener ated disks, particular lv in the 
C3/C4 and C4; Cs segments. The sliding 
seems to be a logical. sequela of the oblique 
positicn of the intervertebral joint surfaces 
as a result of which the superior vertebra 
approaches its inferior partner in dorso- 
caudal direction due to narrowing of the 
intervertebral disk. However, narrowing of 
the disk and retrolisthesis are not alwavs 
concomitant; the cause therefore remains 
somewhat obscure. Retrolisthesis may not 
be interpreted as the result of an acute 
trauma to the neck. It derives its signifi- 
cance from its propertv to narrow the 
anteroposterior diameter of the spinal 
canal and mav contribute to the pathogen- 
esis of the so-called spondylotic myelopathy 
and of medullary lesions in hyperextension 
traumata of the cervical spine.” 
Anterolisthesis. The reverse of retrolis. 
thesis is anterolisthesis; Ze. forward slip- 
ping of a vertebra upon its inferior partner 
without disruption of the con = between 
the 0 surfaces (Fig. 8, 4 and 5; 
and 10, 4 and B). It is usually caused by 
at au. E the cartilage of the interverte- 
bral joints as che result of degenerative 


(Text continued on page 1077) 





o. G7 and B) Anterolisthesis of C4. C3 caused 
throsis deformans of the intervertebral joints 
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proved to be normal. 


m 





Vx eed 


euis 
RRP 
Ree 


SE 
ia 


es 


CN; 
RE Cue 


VAT WE, 
X 


m 


YE 


EC 





VoL. 91, No, 5 Relationships of Lower Cervical Vertebrae 1045 


Fic. 12. (4) Flexion luxation and bilateral interlocking of the articular processes of Cs/C6 in a male, 42 
years of age, with quadriplegia. Reduction by means of skull traction remained unsuccessful. (5) Roent- 
genogram 6 months after open reduction and bone grafting. A slight anterolisthesis of C5/C6 persists. 
There is slight bony bridging along the anterior longitudinal ligament. The patient made a partial recovery 
from the quadriplegia. 


«x 
Tage II 
VARIOUS TYPES OF PATHOLOGIC RELATIONSHIPS BE- 
TWEEN THE VERTEBRAE IN THE LOWER CERVICAL 
REGION (C2-D1), EXCLUDING FRACTURE 
DISLOCATIONS 
Angulation (a) kyphotic (isolated flexion) 
(b) lordotic (isolated extension) 
(c) scoliotic (isolated rotation) 
Slipping (a) retrolisthesis 
(olisthesis) — (b) anterolisthesis 
(c) spondylolisthesis 
Dislocation (a) flexion luxation 
(luxation) (b) hyperflexion (without interlock- 
ing of articular processes) 
(c) rotation luxation 
XI 


Fic. 13. G4) Lateral roentgenogram of the cervical spine of a so year old male who fell downstairs on his face 
and immediately showed signs of a complete quadriplegia. Roentgenographically the cervical spine appears 
unimpaired. (B) Postmortem specimen of the spine shows laceration of the cervical cord at the C4-C6 
level. On forced hyperextension the complete disruption of the anterior longitudinal ligament and of the 
intervertebral disk of C5/C6 and C6/C^7 with compression of the spinal cord (Taylor-mechanism) is clearly 
seen, 
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Fic. 14. (4) K yphotic hyperangulation of segment C 1/C4 in a boy 14 years of age, after a diving accident. No 
interlocking of the articular processes is present. (B) On passive extension of the unsupported head, the 
normal curvature of the spine is reestablished—a fact which in case of interlocking of the articular processes 


would be impossible. (Roentgenogram taken with the patient on his back, head and neck in retroflexion.) 


(Junghanns’ "pseudospond vlolisthesis 7) 
or rheumatoid arthritic*?:!? changes. 
Spondylolisthesis. This is a special form 
of anterolisthesis, which is common in the 
lumbar region but rare in the cervical spine. 
The first case of spondvlolisthesis was de- 
scribed by Pearlman and Hawes.'® In 
spondylolisthesis, too, there is no luxation 
because the contact between the articular 
facets has remained intact; the slipping 15 
caused by a bilateral detect in the vertebral 
arch (Fig. 11). Traumatic anterolisthesis 
'as seen by us as the result of compression 
of the articular processes (Fig. 8, 4 and B). 


DISLOCATION OR LUXATION 


True dislocation or luxation exists in the 
event of an interlocking of the articular 
processes. If it is unilateral, it can. be 
referred to as a rotation luxation, while the 
term flexion luxation is appropriate if it 1s 
bilateral (Fig. 12, 4 and B). Roentgeno- 
logically the two types are best differenti- 
ated by means of roentgenograms in the 


oblique Buetti-Báuml projections.! Exten- 
sion luxations are not encountered because 
the requirements for interlocking of the 
articular processes are lacking. Traumatic 
hvperextension of the cervical spine mav 
result in a serious laceration (sprain) of a 
motor segment, even with compression of 
the cervical cord, but directly after the 
trauma the cervical spine resumes its nor- 
mal position so that the lesion is not 
demonstrable roentgenographically (Tav- 
lor-mechanism)?:?^?» (Fig. 13, 4 and 5). 
Traumatic hvperflexion with serious lacera- 
tion of a lower cervical motor segment re- 
sults in a hyperflexion position of the 
severed segment (Fig. 14, 4-C). Strictly 
speaking, the term flexion luxation could be 
used in these cases because such extreme 
flexion is impossible under physiologic 
conditions. On the other hand, there is no 
interlocking of articular processes; on ex- 
tension the spine resumes its normal curve. 
We propose the term kypAotic hy perangula- 
tion tor these cases. 
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Fic. 15. Schematic views of the different kinds of pathologic relationships between the lower 
cervical vertebrae. 

Upper row, Aft: kvphotic angulation of C3/C4: (1) spinous processes, (2) intervertebral Joint, (3) step 
formation between vertebral bodies of C3 and C4, (4) axis of spinal canal; center: lordotic angulation of C3/ 
C4: (1) spinous processes, (2) vertebral body, (3) step formation between bodies of C3 and C4; right: scoliotic 
angulation of C3/C4: (1) axis of spinal canal, (2) severed motor segment, (3) shift of spinous processes. 

MipbbLE row, fft: retrolisthesis of C4/C5: (1) narrowed disk space, (2) normal relationship of intervertebral 
joint, (3) retrolisthetic vertebral body; center: anterolisthesis: (1) narrowed intervertebral joint space, 
(2) anterolisthetic intervertebral body; right; spondylolisthesis of C6/C7: (1) normal intervertebral joint of 
Cs5/C6, (2) normal intervertebral joint of C6/C7, (3) defect in the interarticular portion of the articular 
processes of C^. 

Lower Row, Æft: right and left oblique projections of Buetti-Báuml in the case of an unilateral interlocking 
of the articular processes of C4/Cs (rotation luxation): (1) articular processes of right side, (2) articular 
processes of left side, (3) site of interlocking (left), (4) no interlocking on right side; right: right and left oblique 
projections of Buetti-Báuml in the case of bilateral interlocking of the articular processes of C4/C5 (flexion 
luxation): (1) interlocked articular process of C4 on left side, (2) interlocked articular process of C4 on right 
side. 
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'INTRAMEDULLARY NEOPLASM 
BY MYELOGRAPHY* 


By E. H. SCHULTZ, Jr., M.D. 


CHAPEL HILL, 


T IS well known that cervical spondylo- 
sis or central disk herniations can pro- 


duce neurologic changes which mimic 
those accompanying an intramedullary 


tumor of the cervical spinal cord. That 
myelographic deformities simulating an 
intramedullary tumor also can be produced 
by cervical disk disease has been reported 
only rarely. It is the purpose of the author 
to report 2 such cases. Both patients were 
somewhat younger than usual for degenera- 
tive disk disease, and in neither was there a 
history of trauma. 


REPORT OF CASES 


Case 1. A 34 year old female noted numbness 
of her fingers 1 month prior to admission, fol- 
lowed by symmetric numbness of both legs 
below the knees. With the latter, she noted that 
the right foot tended to drag with walking. 

On neurologic examination, no abnormality 
of cranial nerve function was found. Sensation 
to light touch and pin prick was diminished on 
both palms and in both lower extremities be- 
low the knees. Position sense was intact. Deep 
tendon reflexes were generally hyperactive, with 
bilateral ankle clonus and bilateral Hoffmann 
reflexes. A questionable Babinski reflex was 
present on the left. 

Nerve conduction time was tested in the right 
upper extremity, and was normal. Routine 
laboratory studies were within normal limits. 
A clinical diagnosis of multiple sclerosis and 
cervical cord tumor was entertained. 

Roentgenograms of the cervical spine showed 
moderate narrowing at the interspace between 
the fourth and fifth cervical vertebrae, with 
anterior (but no definite posterior) spurring. 
The anteroposterior diameter of the spinal 

canal was 14 mm. at this level. Cervical myelog- 
raphy was performed. The fluoroscopic exam- 
ination revealed abrupt widening of the cer- 
vical spinal cord, centered at the C4-C5 disk 


NORTH CAROLINA 


level and extending over a length of about 3.5 
cm. (Fig. 1). On the roentgenogram made in 
lateral position, however, the cord appeared 
normal in size. There was a deep impression 
against the ventral surface of the contrast 
medium opposite the C4-C $ disk level (Fig. 2). 
A roentgenologic diagnosis of disk protrusion 
with cord compression was made. 

The patient was transferred to the Neuro- 
surgical Service. Under general anesthesia a 
bilateral laminectomy was performed on the 
third, fourth, and fifth cervical vertebrae. The 
cervical spinal cord at this level was displaced 
posteriorly by a large central disk protrusion; 
the disk was firm but did not seem to be calci- 
fied. The cervical cord appeared to entirely fill 
the compressed dural compartment. Pour digi- 
tations of the dentate ligament were divided 
on each side, and the surgical incision was 
closed. 

Following operation, the patient’s gait became 
normal. Some sensory loss in the lower ex- 
tremities was present at the time of her last 
clinic visit, 9 months after operation, but it was 
felt that her condition had improved. 


Case m., A 41 year old female was admitted 
to the North Carolina Memorial Hospital with 
a chief complaint of pain in her neck and arms. 
Several weeks prior to admission, the patient 
noted that the right arm seemed to tire more 
easily than usual. A sudden onset of pain in the 
right arm, radiating to the right shoulder and 
neck, had occurred 10 days before admission. 
Subsequently, there was pain in the left shoulder 
and left arm as well. On the day before admis- 
sion she noted weakness of the right arm and 
leg, as well as inability to void. 

General physical examination was not re- 
markable. Neurologic examination revealed 
no abnormality of cranial nerve function. 
There was a marked decrease in motor strength 
in the right upper and lower extremities, with 
absent deep tendon reflexes on the right. Ten- 
derness was noted over the lower cervical spine, 





* From the Department of Radiology, The University of North Carolina School of Medicine, Chapel Hill, North Carolina. 
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Sensation of pin prek was diminished over the 


จ 


right upper extremity, although position sense 
was intact. No definite neurologic disturbance 
of the left extremities was found. 

Routine laboratory studies were not remark. 
able. 

Roentgenograms of the cervical spine showed 
moderate narrowing of the disk space between 
the tourth and fifth cervical vertebrae, with 
sight marginal spurring (Fig. 3). The antero- 
posterior diameter of the spinal canal was 15 
mm. at C4 and C5. 

Cervical myelography was performed. The 
cervical spinal cord appeared widened from C4 
to C6, over a distance of about 6 em. (lig. 4). 
In rhe small amount of contrast medium which 
passed around the apparently enlarged cord, 
some irregularity was noted on the right, oppo- 
site the Cc-C6 disk space. On the roentgeno- 
gram made in lateral position (not available 





` 








Fic. 1. Case 1. Frontal myelogram shows the 
cervical spinal cord to be abruptly widened at the 
level of the fourth and fifth cervical vertebrae. 





Fic. 2. Case L Myelogram made in lateral position 





ervical cord in its 


shows no widening of the c 
anteroposterior dimension, A deep impression is 


evident in the ventral surface of the contras 
column, opposite the disk space between th 


1 





t Lic. 3. Case u. Lateral roentgenogram shows slight 
c narrowing of the disk space between the fourth and 
fourth and fifth cervical vertebrae. hfth cervical vertebrae. 
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for reproduction), there was slight indentation 
in the ventral margin of the contrast column 


was felt that, although an intramedullary tumor 
could not definitely be excluded, the findings 
seemed best explained by central disk hernia- 


A surgical laminectomy of the fourth, fifth, 
sixth and seventh cervical vertebrae was per- 
formed. The cervical spinal cord was widened 
and was displaced posteriorly. A midline 
myelotomy was done; there was no evidence of 
an intramedullary neoplasm. Firm, rigid bars 
extended posteriorly from the intervertebral 


of the dentate ligament were divided bilaterally, 
and the surgical incision was closed. 

Muscle power in the right extremities re- 
turned to normal, although some disturbance 
of sensation persisted. Pain persisted intermit- 
tently in the right shoulder and arm. 


DISCUSSION 


Diverse neurologic changes mav result 
when the cervical spinal cord is compressed 
by disk herniations or spondylosis. Clinical 
findings can be highly suggestive of mul. 
tiple sclerosis, ^!* amyotrophic lateral 
sclerosis,^!* foramen magnum tumors,’ or 
cervical cord tumors. ^^* Elevation of the 
spinal fluid protein level is not rare, even in 
the absence of a complete subarachnoid 
block.* 99 The difficulties in clinical diagno- 
sis may be further compounded by the 
absence of any symptoms in the neck?? or 
even in the upper extremities.! 

The differentiation of mass lesions affect- 
ing the cervical spinal cord usually can be 
made by myelography. Cramer and Hud- 
son? have emphasized that, with lesions of 
the cervical intervertebral disks, the size of 
the spinal cord is contained. within normal 
maximal limits as seen อ ท myelograms. 
However, Judging from our cases and those 
in other reports, 1t 1s evident that ventral 
pressure against the dural sac bv pro- 
truded disks can sometimes flatten and 
widen the spinal cord so as to mimic the 
myelographic appearance of an intramedul- 
lary tumor. Indeed, the gross appearance of 
the spinal cord at surgical exploration can 
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Fic. 4. Case mn. Frontal myelogram shows the 
cervical spinal cord to be widened above the level 
of the seventh cervical vertebra. On this roentgeno- 
gram the cephalad extent of the cord widening is 
obscured by the occiput. 


simulate that seen with an intramedullary 
neoplasm.” 

Wood? has previously noted that a mid- 
line cervical disk protrusion can cause a 
myelographic appearance which is indis- 
tinguishable from that of an intramedullary 
neoplasm in the frontal projection. Sha- 
piro,® in his textbook, illustrates such a case 
and states that "the lateral film with the 
horizontal beam should help to establish 
the correct diagnosis." Schneider? reported 
the case of a middle-aged female, clinically 
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suspected of having a cervical cord tumor, 
in which cervical myelography revealed 
abrupt widening of the spinal cord from the 
fourth to the seventh cervical segment. 
Surgical exploration of the cervical spinal 
canal was performed, and extruded disk 
material was removed bilaterally from the 
space between the sixth and seventh cer- 
vical vertebrae; no cord neoplasm was 
present. A similar case, demonstrating on 
myelography an apparent cord tumor ex- 
tending the length of three vertebral bodies, 
was reported by Yuhl and associates.'? At 
laminectomy a flattened, widened cord was 
seen, secondary to multiple midline disk 
protrusions. After section of the dentate 
ligaments, the cervical cord regained a 
normal appearance. 

Two myelographic features are useful in 
distinguishing intramedullary tumors from 
the cord widening produced by central disk 
protrusions. Both Wood? and Shapiro! have 
pointed out that short segments of cord 
widening, as in Case 1, are unusual with 
intramedullary tumors and are more sug- 
gestive of disk disease. In some cases of disk 
disease, however, the cervical cord is 
widened over a longer distance. The second 
and most valid myelographic differentia- 
tion between the two conditions is the 
appearance on the roentgenograms made in 
lateral position. With intramedullary tu- 
mors, the anteroposterior width of the cord 
is increased, sometimes filling the spinal 
canal. With cervical disk disease the antero- 
posterior width of the visible cord appears 
grossly normal. A ventral impression 
against the contrast column, opposite a 
disk space, can be seen at the level cor- 
responding to the cord “enlargement” in 
the frontal projection. 


SUMMARY 


Clinical differentiation between cervical 
disk disease and spinal cord tumors may be 
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difficult. In some cases of central disk pro- 
trusions, the myelographic appearance also 
can simulate a cord tumor if only frontal 
projections are employed. Two such cases 
are reported. The appearance on roent- 
genograms taken tn lateral position made a 
correct preoperative diagnosis possible in 
both patients. 
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THE EFFECT OF ANATOMIC VARIATIONS IN THE 
LUMBAR VERTEBRAE AND SPINAL CANAL ON. 
CAUDA EQUINA AND NERVE ROOT 
SYNDROMES* 


By BERNARD S. EPSTEIN, M.D., JOSEPH A. EPSTEIN, M.D., and LEROY LAVINE, M.D. 


NEW HYDE PARK, NEW YORK 


HE size and configuration of the 

spinal canal and the intervertebral 
foramina constitute important factors in 
the production of symptoms referable to 
the cauda equina and nerve roots of the 
lumbar spine. The space available for the 
nerve trunks may determine whether or not 
an intrusion such as a disk herniation or a 
spondylotic ridge will or will not result in 
sufficient anatomic change to compromise 
the roots of the cauda equina as thev pass 
from the spinal canal through the interver- 
tebral foramina. 

Verbiest?!’ first recorded clinical obser- 
vations regarding a radicular syndrome re- 
sulting from developmental narrowing of 
the lumbar vertebral canal. He regarded 
the relative stenosis as a manifestation of a 
general disturbance in skeletal growth 
rather than as an endogenously determined 
developmental problem. Symptoms re- 
sembling intermittent claudication with 
low back pain and sciatic radiation were 
the primary complaints. Neurologic 
changes were not prominent and were 
disproportionate as compared with the 
severe disability and pain. Acute symp- 
toms were precipitated by small disk 
herniations and spondylotic spurs. Myelog- 
raphy disclosed partial or complete block 
in all of Verbiest’s 13 patients. A rather 
characteristic defect was noted on the 
lateral myelograms, the column of contrast 
material ending in a sharp point at the 
level of the interspace blocked by this 
disorder. Schlesinger and Taveras found 
that the size of the herniated disk in such 
individuals was secondary to the size of 
the spinal canal as the main cause of root 


compression. Postoperative traumatic 
paraplegia may occur in such patients be- 
cause of a lack of appreciation of the 
structural peculiarities of narrow canals at 
the time of surgery. 

The importance of taking into considera- 
tion the configuration of the spinal canal is 
emphasized by the usefulness of determin- 
ing the sagittal diameter of the cervical 
spinal canal in the evaluation of disk dis- 
ease in that region. A reduction in the nor- 
mal sagittal diameter below 10 mm. to 12 
mm. increases the possibility of cervical 
cord compression in the presence of spond v- 
lotic ridging or disk herniation. 7? 
Normally, the lumbar spinal canal has a 
fairly consistent structural pattern. The 
vertebral foramen of the first and second 
lumbar vertebrae retain the somewhat 
rounded characteristics of the lower thor- 
acic spinal canal. The vertical dimension is 
equal to or somewhat more than the inter- 
pedicular distance. The floor is slightly 
concave and rounded, its cephalic and 
caudal rims being slightly elevated. The 
lowermost three lumbar vertebrae have 





height of the canal. 


MEASUREMENTS ON DRIED 
ANATOMIC PREPARATIONS 


ไท measuring the widest dorsoventral 
diameter of the lumbar spinal canal in 5o 
dried vertebral columns, a slight but 
definite difference was noted in the eleva- 
tion of the cephalad and caudad aspects of 
the neural arches. The latter is tilted up- 
wards and is approximately 5 mm. higher 
than the cephalad margin. This permits 


* From the Department of Radiology and the Divisions of Neurological Surgery and Orthopedics of The Long Island Jewish Hospital 
and the Albert Einstein College of Medicine, Departments of Radiology and Neurclogical Surgery. 
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overlapping or shingling of the respective 
apposing laminae so conspicuous in the 
cervical and thoracic vertebrae. The lateral 
portions of the vertebral foramina are im- 
portant because the nerve trunks traversing 
the intervertebral foramina pass in close 
relationship to these recesses." The lateral 
walls are formed by the convex medial sur- 
faces of the pedicles. The lateral abutment 
of the laminae and the inferior margins of 
the superior and inferior articular facets 
cover the caudad and cephalad margins of 
the recesses and extend laterally to roof 
over the intervertebral foramina. A smooth 
groove is thereby formed for the passage of 
the nerve trunks. The roof of the inter- 
vertebral foramen is thus formed by the 
inferior aspect of the posterior articular 
facet and the immediately adjacent tip of 
the anterior articular facet. The lumbar 
pedicles are set in the upper half of the 
vertebral bodies. Inasmuch as the nerve 
trunks pass through the foramina closer to 
the cephalad portion, any constriction of 
the lateral recesses may be important in 
the genesis of nerve root compression. 
Measurements were made of the lumbar 
spinal canal from the first lumbar to the 
lumbosacral levels. The points taken for the 
determination of the widest sagittal diam- 
eter were identified in relation to land- 
marks ascertained from the dried speci- 
mens, from plain spinal roentgenograms 
and erect full column myelograms. A slight 
discrepancy was found in measuring the 
widest diameter of the spinal canal in ana- 
tomic preparations because of the upward 
slope of the neural arches. The position of 
the dural sac in the canal is such that it is, 
for practical purposes, in contact with the 
floor in the upper three lumbar segments. 
At the fourth and fifth lumbar levels, a 
slight elevation of the dural sac from the 
floor of the canal is seen fairly often, more 
pronounced at the lumbosacral interspace, 
especially when the caudal sac is narrow 
and terminates in a pointed fashion at or 
slightly below this interspace. It should be 
recognized that variations in the lateral 
recesses cannot be identified directly from 
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roentgenograms because no known projec- 
tion brings these important compartments 
into view. 

Measurements of the widest sagittal 
diameter of the lumbar vertebral foramina 
were made from ṣo anatomic preparations 
at the American Museum of Natural His- 
tory and those available to us in our own 
collection (Fig. 1, 4-£). These measure- 
ments were correlated with the configura- 
tion of the lateral recesses of the respective 
vertebrae. It was found that the measure- 
ments corresponded fairly accurately with 
those made on erect full column myelo- 
grams, taking into consideration the mag- 
nification factor produced by the anatomic 
position of the spine as seen on lateral 
roentgenograms. Apparently, the space 
occupied by the epidural fat and vascular 
structures is sufficiently compressed when 
full column myelography is performed to 
permit fairly close approximation of the 
dural sac to the inferior aspect of the an- 
terior portion of the neural arches. This 
was also observed on several vertebral 
columns inspected roentgenologically after 
passing thin Penrose drains for the entire 
length of the spinal canal and distending 
these to capacity with hypaque (Fig. 2, 
A-C). On comparing the plain roentgeno- 
grams of the spine with the full column 
myelograms and the various anatomic 
preparations described, it was found that a 
reasonable consistent measurement could 
be obtained by utilizing the uppermost 
level of the intervetebral foramen as a 
dorsal point and the floor of the spinal 
canal at the caudad or cephalad aspect as a 
ventral point. The depth of the canal is 
wider by 2 to 4 mm. if measurements are 
made in the hollow of the vertebral body’s 
dorsal aspect. 

It was thus ascertained that the normal 
values of the depth of the spinal canal 
varied between 1.5 and 2.3 cm. Measure- 
ments less than 1.5 cm. were considered 
below average, but little clinical signifi- 
cance was attached to measurements above 
1.3 cm. As a rule these determinations can 
be made readily on accurate lateral roent- 





Fic. 1. Roentgenograms of five selected dried specimens of the lumbar vertebrae demonstrating variations 


in the vertebral foramina. The vertebral spinal foramina of the first and second lumbar vertebrae are more 


or less ovoid in configuration, In the lowermost three vertebrae a wide variability is observed in the 


vertebral foramina, Specimen 4 presents a wide fourth and fifth lumbar vertebral foramen. In 5, C, D 


and Æ, the foramina are progressively narrowed in the sagittal diameter and the lateral recesses are at- 
tenuated. This process is most marked in specimens D and Æ, both of which have sagittal narrowing, 


E 


genograms of adequate detail. The meas- 
urements were made more accurately and 
with greater ease in the upper three lumbar 
levels, where thev tended to be from 1 to 3 
mm. more than at the fourth and fifth 
lumbar interspaces. The fourth lumbar 
interspace sometimes presented some dith- 
culty, especially if the lateral projection 
was not accurately portrayed. This was 
even more noticeable at the lumbosacral 
interspace, especially if the intervetebral 
disk was narrowed or if scoliosis or some 
congenital malformation interfered with 
the accurate projection of the lumbosacral 
intervertebral foramen. Arthritic changes 
in the apophyseal joints also caused diffi- 
culty in identifying the superior rim of the 


puo 


intervertebral foramina when the articular 
margins were so blurred that thev could not 
be identihed clearly. 


configuration of the spinal canal, it was 
apparent that those vertebrae with nar- 
rowed sagittal diameters also had a definite 
tendency to significant constriction of the 


lateral recesses at the levels of the narrow- 


that the neural arches were heavy. The 
articular facets were prominent and ap- 
peared vertically oriented, so much so that 
on the more seriously atfected samples the 
medial margins approached the spinous 
processes, a circumstance also observed at 
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Fic. 2. (4) The lumbar canal of this dried specimen of the spine was threaded with a Penrose drain, Roent- 
genograms were made after the Penrose drain was distended to capacity with hypaque. The distended 
balloon does not quite reach the margins of the pedicles in the lumbar area. (B and C) The distended 
balloon has its superior surface in close approximation to the superior aspect of the respective intervertebral 


foramina, 


Xem 





operation. Narrowing of the entire lumbar 
canal was noted in 9 specimens, and in 12 
others the narrowing was quite definite at 
the third and fourth interspaces only. In 3 
the lowermost three lumbar vertebrae 
presented narrowed canals. These varia- 
tions in, vertebral architecture offered a 
reasonable explanation as to why seemingly 
small variants presented such a variable 
picture of nerve root compression. It also 
accounted for the necessity for adequate 
foraminal decompression as a requisite for 
satisfactory surgical results. The coexist- 
ence of spondylotic deformities also in- 
creases the possibility for intraforaminal or 
intraspinal disk disease to cause dispropor- 
tionately prominent syndromes of root 
compression. 


FACTORS CAUSING NARROWING OF 
INTERVERTEBRAL FORAMINA 


In considering the available space in the 
lower lumbar spinal canal, account should 
be taken of the fact that sagittal narrowing 
and attenuation of the lateral recesses and 
intervertebral foramina are but part of the 


xe 


picture. Other factors include thickening of 
the neural arches,? spondylotic ridges and 
spurs^-* along the posterior vertebral mar- 
gins and the articular facets, spondylo- 
listhesis (Fig. 3, 4 and 5), and thickening 
of the ligamenta flava." Congenital varia- 
tions in the neural arches, particularly at 
the lumbosacral interspace, also may dim- 
inish the space for the caudal sac and the 
emerging nerve roots.?" The effect of varia- 
tions in posture on the configuration of the 
spinal canal rests mainly on the changes 
produced in the intervertebral disks and 
ligamenta flava. Cough or strain also 
causes change in the available space be- 
cause of engorgement of the prominent 
epidural venous plexuses. This can be seen 
often during myelography when the patient 
strains. The pantopaque column becomes 
narrowed and pushes cephalad for one or 
two interspaces.2"4 In the presence of a 
narrowed lumbar canal, all of these factors 
may contribute to sufficient loss of avail- 
able space to make even a minor disk pro- 
trusion or a small spondylotic spur, strate- 
gically situated, clinically important. Sim- 


Fic. 3. (4) Lateral roentgenogram of a normal vertebral column in an 18 year old male patient demon- 
strating the normal configuration of the third and fourth lumbar intevertebral foramina. (B) Lateral 
roentgenogram of the lower lumbar spine in a $$ year old patient with spondylolisthesis of L4 and Ls. 
The intervertebral foramina are significantly narrowed. The fourth intervertebral foramen is further 
compromised by the shift incident to the spondylolisthesis. 
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In root compression. 








CLINICAL MATERIAL 





The present report derives from a clinical 
study of 29 patients with symptoms of 
nerve root compression causally related to 
narrowing of the lumbar spinal canal. The 
majority of patients were in the fifth and 
sixth decades of lite. Radicular pain was 
the most conspicuous symptom, often so 
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in 13. No characteristic body habitus was 
observed. The most seriously disabled 





patients complained of bilateral lower 
tremity pain. Sensory alterations and weak- 
ness were noted as pain increased. Sphinc- E 
ter dvsfunction occurred in อ ท ไจ 1 patient. 
Reflex changes were present in 22, includ- 
ing absence of the ankle Jerk in most cases, 
ล depression of the patellar reflex to a lesser 
degree ir. others. Boch the fifth lumbar and 
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first sacral dermatomes were affected by 
the sensory alterations, 3 patients having 
involvement of the saddle area. Weakness 
was most evident in the distal musculature, 
extending to foot drop in those most seri- 
ouslv atfected. 

The difficulties encountered in the per- 
formance of lumbar puncture otten aroused 
suspicion of narrowing of the canal. The 
depth of the spinal canal varied from o.8 to 
1.5 cm. in these patients. A defect in the 
dorsal aspect of the pantopaque column 
was related to inward protrusion of the 
ligamenta flava and the thickened laminae. 
Varving bilateral waist-like defects were 
noted in the frontal projection, in some 
instances producing a partial block. In a 
few instances the block was relativelv 
complete, and in these a characteristic 
pointed defect was seen at the level of the 
involved space on the lateral myelograms 
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as described by Verbiest. These detects 
were most frequent at the third and fourth 
lumbar interspaces, often resembling those 
found in the presence of advanced spondy- 
losis of the vertebral bodies (Fig. 4, 4 and 


changes were present in the apophyseal 
joints as well.'? Initial interpretations of 
some of the earlier examinations included 
arachnoiditis, cauda equina tumor and 
extruded intervertebral disk. As sufficient 
data were accumulated, we recognized the 
significance of associating the shape ot the 
spinal canal with the myelographic defects. 

Surgical decompression 1s essential and 
laminectomy over multiple levels often is 
indicated. Foraminal decompression and 
excision of intruding osteophytes and frag- 
ments of disk material complete the pro- 
cedure. Certain individuals may show un- 
usually prominent vertically oriented pos- 





Vic. s. G4) Lateral roentgenogram of lower lumbar spine of a 72 year old woman who had severe sciatic 
pain for 6 months, aggravated by exertion. The intervertebral foramina are elongated and narrowed. 
The laminae are diffusely thickened. (B) Same patient. Anteroposterior myelogram shows a complete 
block at the level of the inferior margin of the fourth lumbar vertebra. (C) On the lateral myelogram the 
pantopaque column assumes a pointed appearance caudally. At operation, the spinal canal was markedly 
narrowed and the lateral recesses were sharply attenuated. Slight bulging of the intervertebral disk was 
sufficient to cause a complete block. The patient was relieved following laminectomy, foraminotomy and 
excision of the degenerated disk matter. The configuration of the pantopaque column, particularly the 
tapered caudal end of the column, corresponds with the appearance described by Verbiest. (Repro- 
duced by permission from ¥. Neurology, Neurosurg. & Psychiat., 1962, 25, 163.) 
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terior articulations. The laminar thickening 
and the imbrication of these structures may 
render the operation rather difficult, but 
should serve to alert the surgeon to the 
necessity for adequately decompressing the 
narrowed areas, especially the lateral re- 
cesses and intervertebral foramina in- 
volved. 


COMMENT 


Sagittal narrowing of the spinal canal 
occurs as a congenital malformation in 
achondroplasia." "5 In these patients the 
vertebral bodies are flattened, but other- 
wise are quite large. The pedicles, however, 
are short and the intervertebral foramina 
are narrow and elongated. The laminae are 
usuallv heavy and their posterior aspects 
have a definite tendency to converge. It is 
in these patients that relatively small de- 
fects may produce inordinate symptoms, 
and relief may be obtained only by wide 
laminectomy." 

The question as to whether the diminu- 
tion in the sagittal diameter of the spinal 
canal in otherwise apparently normal in- 
dividuals may have a congenital basis 
logically comes up for consideration. It 
would appear reasonable to assume that 
variations in the configurations of spinal 
canals occur, just as variations in other 
aspects of vertebral architecture are ob- 
served. We have seen voung patients with 
herniated disks and symptoms out of pro- 
portion to the amount of herniation pres- 
ent. The spinal canals in these patients 
were narrowed and the lateral recesses, as 
observed at operation, were attenuated so 
that the nerve roots were severely impinged 
upon even เท the absence of major portru- 
sions. On the other hand, it has been noted 
that large myelographic defects mav occur 
in patients who have no symptoms refer- 
able to that level. It is postulated that 
sufficient available space exists in these 
patients so that there is no nerve root com- 
pression. Impingement on the dural sac 
alone does not necessarily produce symp- 
toms. The defect in the myelograms indi- 
cates the inward protrusion of a spur or 
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disk herniation. If such a defect is not 
associated with compression of a nerve root 
or a significant degree of block in the spinal 
canal, symptoms may be absent. Indeed, 
we have seen occasional instances of pa- 
tients with large defects in the lumbar area 
approaching complete block without symp- 
toms referable to the spondylotic spurring 
obviously present. These patients had 
myelogr: aphies performed for symptoms 
ล le to the thoracic or cervical regions, 
and it was important to carry the panto- 
paque to the suspected clinical levels 
rather than trust the dramatic but other- 
wise insignificant defects seen in the lumbar 
canal. 

Spondylosis deformans may be an impor- 
tant contributing factor to the production 
of symptoms referable to the cauda equina 
and its roots because of pressure. These 
ridges often are present at the dorsolateral 
portions of the vertebrae in the floor of the 
spinal canal where they mav contribute to 
diminution of the available space. Spondy- 
lotic changes along the articular facets and 
the inferior aspects of the laminae also mav 
be important. À relatively small protrusion 
so placed that it impinges into the inter- 
vertebral foramen may be far more sig- 
nificant than a large spur not in contact 
with a nerve root. It is important to re- 
member that a spondylotic spur projecting 
into the spinal canal in a patient with a 
narrowed sagittal diameter in the lumbar 
vertebral foramina is quite likelv to cause 
symptoms referable to this disorder. Unless 
these intrusions are removed at operation 
and the lateral recesses decompressed, there 
may be unsatisfactory results. 

Plain roentgenograms provide a clue as 
to the sagittal diameter by evaluation of 
the height of the intervertebral foramina. 
In those patients with narrowed canals, as 
indicated by foraminal heights less than 13 
mm., it has been found that spinal punc- 
ture sometimes is difficult at the usual third 
and fourth interspaces even if the tap is 
performed skillfully with the needle tip 
properly directed to the midline. This 
occurs more often with pronounced narrow- 
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ing such as occurs in patients with achon- 
droplasia. In others, it may be noted that 
subarachnoid instillation of 6 cc. of panto- 
paque fills the canal so that on erect ex- 
amination the column reaches the third 
lumbar level. It has been our experience 
that while the introduction of pantopaque 
into these patients may be fairly unevent- 
ful, its removal often is difficult. In these 
patients we have found it expedient to per- 
mit the patient to express the contrast 
material by straining rather than by aspira- 
tion. If this does not work and if the lumbo- 
sacral portion of the caudal sac is larger, a 
fitth lumbar tap may be tried, hoping that 
a direct midline puncture would permit 
easier removal of the contrast material. 


SUMMARY 


Measurement of the height of the lumbar 
intervertebral foramina permits a fairly 
accurate evaluation of the sagittal diameter 
of the spinal canal. Measurements vary 
between 1.5 and 2.3 cm. normally. Those 
below 1.3 cm. are considered abnormal. In 
these patients small protrusions, either 
from disk herniations or spondvlotic spurs, 
or both, may produce disproportionatelv 
severe symptoms because of diminution of 
the available space for the nerve roots in 
the lateral recesses of the spinal foramina 
involved. 

Bernard S. Epstein, M.D. 
Department of Radiology 
The Long Island Jewish Hospital 


270-05 76th Avenue 
New Hyde Park, New York 
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DIAGNOSTIC IMPLICATIONS OF RIB NOTCHING 


By CHARLES J. DREXLER, M.D., Fellow in Radiology, Mayo Foundation; JAMES R. STEWART, 
M.D., Section of Roentgenology; and OWINGS W. KINCAID, M.D., Section of Roentgenology, 
Mayo Clinic and Mayo Foundation 
ROCHESTER, MINNESOTA 


OTCHING of the inferior borders of 

the ribs was first described as a 
roentgenologic sign of coarctation of the 
aorta by Roesler!’ in 1928. For a number of 
years thereafter, this sign was believed to 
be pathognomonic of coarctation. In more 
recent years, both unilateral and bilateral 
rib notching have been described secondary 
to various other conditions. The detection 
of rib notching on roentgenograms of the 
thorax, therefore, may have diagnostic im- 
plications of considerable significance. The 
conditions in which rib notching has been 
described are listed and classified in Ta- 
ble r. 

Although rib notching has been described 
in each of the conditions listed (Table 1), 
not much difficulty should be encountered 
in determining the cause of the notching 
when this roentgenologic finding is en- 
countered. The characteristics of the rib 
notching in each condition and the associ- 
ated findings that may be present permit 
the radiologist to make an accurate diag- 
nosis in most instances. When these 
roentgenologic findings are considered along 
with the clinical history and physical find- 
ings, the diagnosis becomes readily appar- 
ent in most cases. 

The purpose of this paper is to describe 
the various causes of unilateral or bilateral 
rib notching and to discuss some of the im- 
portant diagnostic implications of this 
roentgenologic finding. 


COARCTATION OF THE AORTA 


Coarctation of the aorta is by far the 
most common cause of rib notching. The 
rib notching in coarctation is the result of 
dilatation, tortuosity, and increased pulsa- 
tions of the intercostal arteries because of 
increased collateral flow through these ves- 
sels (Fig 1 and 2). The erosion occurs not 


TABLE I 
CAUSES AND CLASSIFICATION OF RIB NOTCHING 


Coarctation of the aorta 
Interruption or obstruction of the subclavian or in- 
nominate arteries 
Blalock-Taussig operation 
Atheromatous or thrombotic occlusion 
Pulseless disease (Takayasu’s disease) 
Conditions with obstruction to pulmonary blood flow 
Cardiac malformations with pulmonary stenosis 
or atresia 
Agenesis of a main branch of the pulmonary artery 
Occlusion of a lobar branch of the pulmonary artery 
Arteriovenous fistulas of the lung or chest wall 
Pulmonary arteriovenous fistula 
Systemic-to-pulmonary arterio-arterial or arterio- 
venous fistula 
Systemic-to-systemic arteriovenous fistula of the 
chest wall 
Superior vena caval, innominate, or subclavian vein 
obstruction 
Intercostal nerve tumors 
Neurofibromatosis 
Other neurogenic tumors 
Other reported causes 
Arteriosclerosis, hypertension, and conditions 
causing an increased systemic pulse pressure 
“Idiopathic” rib notching 
“Pseudo” rib notching in tuberous sclerosis 


— 


at the inferior margin of the rib, which is 
often invisible on the roentgenogram, but 
rather in the costal groove on the lower an- 
terior surface of the rib (Fig. 2). The rib 
notching in coarctation is bilateral in most 
cases (Fig. 3). Characteristically, the fourth 
to eighth ribs are involved; infrequently, 
the third and ninth ribs show evidence of 
notching. โท rare cases in which the coarcta- 
tion is located in the lower thoracic or ab- 
dominal aorta, notching may occur in the 
lower ribs but may be absent in the mid- 
thoracic ribs (Fig. 4, ๕ and 4). In coarcta- 
tion, the collateral circulation often is not 
well developed, and rib notching does not 
occur. Holmes! reported rib notching in 
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Fic. 1. Main channels of collateral circulation. in 
coarctation of aorta. Edwards, J. E., Dry, T. J. 
Parker, R. L., Burchell, H. B., Wood, E. H., and 
Bulbulian, A. H. An Atlas of Congenital Anom- 
alies of the Heart and Great Vessels. Charles C 
Thomas, Publisher, Springfield, ไ 111 ท อ 18, 1924. 


192 of 300 patients with coarctation of the 
aorta. Rib notching in coarctation is un- 
common before adult life. The youngest pa- 
tient with coarctation in whom we have 
observed rib notching was 4 vears of age. 

Rib notching in coaractation may have 
important implications in regard to the 


location of the coarcted segment in rela- 
tion to the origin of the subclavian arteries 
as well as in patients with coarctation of 
the lower thoracic and abdominal aorta. 
Unilateral rib notching on the right in 
coarctation may be ascribed to coarctation 
proximal to the origin of the left subclavian 
artery or associated with stenosis or atresia 
of the left subclavian artery (Fig. ©). In 
such cases, the left subclavian artery is a 
low pressure artery, and collateral circula- 
tion develops only on the right. In patients 
with coarctation of the aorta proximal to 
the origin of an aberrant right subclavian 
artery, the aberrant right subclavian ar- 
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Fic. 2. Rib and dilated and tortuous intercostal 
artery removed at necropsy in a case of coarcta- 
tion of the aorta showing characteristic rib erosion, 
Edwards, J. E., Dry, T. J., Parker, R. L., Bur- 
chell H. B., Wood, E. H., and Bulbulian, A. H., 
An Atlas of Congenital Anomalies of the Heart 
and Great Vessels. Charles C Thomas, Publisher, 
Springfield, Hhinois, 1954. 


terv, arising as the most distal branch of 
the aortic arch, is a low pressure arterv, anc 
rib notching occurs on the left side only 


x 


(Fig. 6). 

We have observed one patient who had a 
right-sided aortic arch and an aberrant left 
subclavian artery arising as the fourth 
branch of the arch in whom coarctation 
was present proximal to the origin of the 
aberrant left subclavian artery. In this pa- 
tient, as might be expected, unilateral rib 





lic. 3. Bilateral rib notching in a 28 year old man 
with coarctation of aorta. Left ventricle is en- 
larged and the characteristic figure-of-three sign is 


present, indicating site of coarctation. Ascending 


gE 
aorta is dilated. 











. 


Fic. 4. Fifty-five vear old man with clinical sign i 
without notching of the mid-thoracic ribs that is usually seen in coarctation of aorta. (4). Thoracic aorto- 
gram showing severe coarctation of upper abdominal aorta. Lower intercostal arteries are dilated and 


5 





s of coarctation of the aorta. (2) Notching of lower ribs 


vente 
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tortuous. 
notching was present on the right (Fig. 7,a adequate circulation to the lower body may 


and 4). ye maintained by means of a right-to-left 
In most cases, the coarctation lies distal shunt through the ductus. In such cases, rib 

to the ductus arteriosus and the ductus 

obliterates normally. When coarctation oc- 

curs proximal to a patent ductus arteriosus, 











Fic. s. Coarctation of aorta in a 9 
subclavian artery arose from aorta at site of — Fi6. 6. Coarctation or aorta in a 27 vear old woman. 


coarctation and orifice of this vessel was stenosed. Aberrant right subclavian artery originated dis- 


t 
Rib notching is present only on the right 


Mey 


tal to coarcted segment. Only left ribs are notched. 
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Fio. 7. (2) Minimal notching of mid.thoracie ribs on right in a 16 year old boy with right aortic arch and 
coarctation of the aorta proximal to origin of aberrant left subclavian artery. (2) Diagram of anomaly. 
(R.C.C. = right common carotid artery, R.S. — right subclavian artery, L.S. aberrant left subclavian ar- 
tery, L.D. — left ductus arteriosus, L.C.C. =left common carotid artery.) Stewart, J. R., Kincaid, O. W., 
and Edwards, J. E. An Atlas of Vascular Rings and Related Malformations of the Aortic Arch System. 
Charles C Thomas, Publisher, Springheld, Hlinois, 1964. 


notching usually does not occur since a well- 
developed collateral circulation bypasses 
the coarctation, 

When associated signs such as left ven- 
tricular enlargement and the characteristic 
figure-of-three sign indicating the site of the 
coarctation are present (Fig. 3) and when 
other lesions are not evident in the lungs or 
chest wall, the cause of the rib notching will 
be readilv apparent. 


INTERRUPTION OR OBSTRUCTION OF THE 
SUBCLAVIAN OR INNOMINATE ARTERIES 


Blalock-Taussig Operation. Unilateral 
rib notching commonly occurs secondary to 
interruption of a subclavian artery for the 
Blalock-Taussig subclavian-pulmonary ar- 
terv anastomosis. The intercostal arteries 
take partin the collateral circulation to the 
arm after division of the subclavian arterv. 
Blood flow in such cases is in the opposite 
direction to that of the collateral circula- 
tion in coarctation of the aorta. In these 


cases, blood flow is from the descending 
thoracic aorta, through the intercostal ar- 
teries and the lateral thoracic plexus to the 
axillarv artery. 

Rib notching after the Blalock-Taussig 
operation was first described by Kent" in 
1953. Since that time, numerous reports 
have dealt with this subject. It has been 
proposed, and is commonly believed, that 
rib notching after the Blalock-Taussig 
operation is indicative of closure and non- 
function of the subclavian-pulmonary ar- 
tery anastomosis. We have seen a number 
of patients, however, who exhibited uni- 
lateral rib notching after the Blalock-Taus- 
sig operation in whom the anastomosis was 
functioning well. The development of rib 
notching in such cases is adequately ex- 
plained by the development of collateral 
vessels secondary to interruption of the 
subclavian and vertebral arteries on the in- 
volved side and is in no way related to the 
function of the anastomosis. 
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Atheromatous or Thrombotic Occlusion. 
Although it has been frequently stated that 
it is reasonable for rib notching to occur in 
cases of long-standing atheromatous or 
thrombotic occlusion of the subclavian ar- 
tery, we have encountered no such cases 
and, to our knowledge, none has been re- 
ported in the literature. We think that 
there is a logical explanation for the ab- 
sence of rib notching in such cases. It 
probably can be explained on the basis that 
such occlusion almost invariably occurs in 
the proximal portion of the subclavian ar- 
tery, proximal to the origin of the vertebral 
artery. In this event, good blood flow to the 
arm with normal or near normal pressure in 
the brachial artery may be found since the 
blood supply to the arm is maintained 
through the vertebral arterial system. In 
such cases, blood from the opposite sub- 
clavian artery passes through the vertebral 
artery that arises from this vessel and then 
in reverse direction through the vertebral 
artery on the involved side to supply the 
subclavian artery distal to the site of ob- 
struction (so-called subclavian steal syn- 
drome). This vertebral collateral pathway 
does not function after the Blalock-Taussig 
operation because in this operation the 
vertebral artery is ligated and interrupted 
to permit greater mobility of the subclavian 
artery. 

Vaughan,? in 1959, reported a case of 
thrombotic occlusion of the innominate 
artery in which thoracic aortography 
showed.large tortuous intercostal arteries 
on the involved side. Rib notching, how- 
ever, was not demonstrated in this case. 
| Pulseless Disease (Takayasu s Disease). 
Weir and Kyle,* in 1956, reported a case of 
chronic obliterative arteritis of the sub- 
clavian and carotid arteries, so-called 
“pulseless disease" or ““Takayasu’s dis- 
ease," in which bilateral rib notching was 
present, simulating that seen in coarcta- 
tion of the aorta. Rib notching is evidently 
rare in such cases. It might be expected to 
occur more often when bilateral occlusion 
of the subclavian arteries is present, since 
in these cases the “subclavian steal" phe- 
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nomenon does not exist to provide col- 
lateral circulation. 


CONDITIONS WITH OBSTRUCTION TO 
PULMONARY BLOOD FLOW 


Since the intercostal arteries may take 
part in collateral circulation to the lungs 
whenever there is obstruction to pulmonary 
blood flow, it is expected that rib notching 
would be seen occasionally in such condi- 
tions. 

Cardiac Malformations With Pulmonary 
Stenosis or Atresia. The most common such 
condition is the tetralogy of Fallot. In many 
cases of severe tetralogy, collateral circula- 
tion to the lungs through the intercostal 
arteries, bronchial arteries, inferior phrenic 
arteries, and other vessels in the medias- 
tinum is abundant and well developed. In 
spite of this well-developed collateral circu- 
lation, we have not observed rib notching 
in any case of tetralogy of Fallot except 
after a Blalock-Taussig operation. 

Batchelder and Williams,! in 1948, re- 
ported a case of tetralogy of Fallot in which 
rib notching occurred on the left side. The 
rib erosions were found at necropsy to be 
due to dilated and tortuous intercostal ar- 
teries. Campbell,® in 1958, reported 2 cases 
of tetralogy of Fallot, 1 of pulmonary 
atresia and 1 of Ebstein's malformation, in 
which rib notching was present. 

One patient with transposition of the 
great arteries and valvular and subpul- 
monary stenosis, which we have studied by 
means of selective angiocardiography, ex- 
hibited minimal but definite rib notching. 

Agenesis of a Main Branch of the Pul- 
monary Artery. We have observed 1 patient 
with agenesis of a main branch of the pul- 
monary artery and rib notching on the in- 
volved side (Fig. 8). This case has been pre- 
viously reported by Sherrick, Kincaid, and 
DuShane.?? The rib notching in this case 
can be explained on the basis of increased 
collateral flow through the intercostal ar- 
teries on the side of the pulmonary artery 
agenesis. A similar case has been reported 
by Felson.? 

Occlusion of a Lobar Branch of the Pul- 
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Fio. 8. Agenesis of left pulmonary artery and right- 
sided aortic arch with notching of left fifth and 


sixth ribs in a £9 year old man. 














monary Artery. We have also observed 
vear old bov with occlusion of the apici 

posterior branch of the right upper lobe 
pulmonary artery who exhibited unilateral 
rib notching (Fig. 9, a-d). Angiograms in 
this case revealed both the occlusion of the 
pulmonary artery branch and the enlarged 


tortuous right third and fourth intercostal 


M 


























โฮ . 9. Three and one-half vear old boy with transposition of great arteries, referred following anastomosis 
of the azygos vein to the right apical posterior pulmonary artery and creation of atrial septal defect. (a) 








v 


Roentgenogram made 3 years after operation. Notching of third and fourth ribs on right. (4, c and d) 
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Angiocardiograms made with injection into left ventricle, which giv 


M 


s rise to the pulmonary artery. (2) 
Occlusion of apical posterior branch of the right upper lobe artery is shown. (c) Note early opacification of 
large right third and fourth intercostal arteries (arrows). (7) Exposure made 2 seconds after ¢ showing 


arge, tortuous intercostal arteries and other collateral vessels in vicinity of notching. 


x, 
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Fic. ro, Arteriovenous fistula in base of left thorax of a ¢4 year old woman.? The shunt was from the inter- 
costal arteries to the pulmonary vascular system. There is notching of the seventh through the tenth ribs 
on left. (a) Posteroanterior view. (4) Lateral view. 


arteries at the site of the rib erosion. This 
patient is the voungest in whom we have 
observed rib notching from any cause. 


ARTERIOVENOUS FISTULAS OF THE 
OR CHEST WALL 


LUNG 


Pulmonary Arteriovenous Fistula. Stork,” 
in 1955, described 2 cases and Prutzman 
and Flick, in 1954, 1 case of pulmonary 
arteriovenous fistula in which unilateral rib 
notching was present. In 1960, Wilson? 
described another such case in which 
notching of multiple ribs on the involved 
side was noted. The rib notching in all 4 
cases has been ascribed to the presence of 
dilated intercostal arteries carrying a svs- 
temic supply to the pulmonary arteriove- 
nous fistula. It seems possible that in some 
cases the dilated intercostal arteries mav 
contribute collateral circulation to that por- 
tion of the pulmonary vascular bed by- 
passed bv the large flow through the pul- 
monary arteriovenous fistula. 

Systemtic-to-Pulmonary Arterto-arterial or 


Arteriovenous Fistula. Systemic-to-pulmo- 
nary arterio-arterial or arteriovenous fistu- 
las occur as abnormal communications be- 
tween high pressure systemic arteries and 
low pressure pulmonary arteries or veins. 
The systemic or afferent arteries may be 
bronchial arteries that enter the fistula from 
the mediastinum, or systemic arteries of the 
chest wall that traverse the pleural space 
over the periphery of the lung to supply the 
fistula. In the latter type, there may be in- 
creased vascularity of the chest wall and 
frequently marked enlargement of the in- 
tercostal arteries which contribute a blood 
supply to these fistulas. Rib erosion is not 
uncommon in such cases. Two cases of 
systemic-to-pulmonary arteriovenous fis- 
tula involving the vessels of the chest wall 
in which rib notching was present have been 
encountered at the Mayo Clinic. One of 
these cases has been reported by Good" 
(Fig. 10, a and 4). Roentgenograms of the 
second case are shown in Figure 11, a and Z. 

Unilateral rib notching can be seen on the 
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roentgenogram of the thorax in the similar 
case reported by Brain and kauntze? 

Systemic-to-Systemic Arteriovenous Fistu- 
las of the Chest Hall, Arteriovenous fistulas 
that involve the intercostal vessels or other 
vessels of the chest wall also mav produce 
rib notching. Unilateral rib notching due to 
an intercostal arteriovenous fistula was first 
reported by Hench and Horton’? trom the 
Mayo Clinic in 1933 (Fig. 12). Since that 
time, we have observed 1 additional case of 
unilateral rib notching that resulted from 
dilated intercostal arteries in a chest-wall 
arteriovenous fistula. This case was re- 
ported by Takaro and Clagett” in 1951 
(Fig. 13). A case of unilateral rib notching 
secondary to an intercostal arteriovenous 
fistula also was described by Maier. and 
Stout" in 1950. 


OBSTRUCTION OF SUPERIOR VENA CAVA, 
INNOMINATE, OR SUBCLAVIAN VEIN 


Cases have been described in which long- 
standing obstruction to the superior vena 
cava, innominate vein, or subclavian vein 
has resulted in rib notching. Presumably, 
bilateral rib notching may occur in cases of 


superior vena caval obstruction, while the 
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Fic. 12. Posteroanterior view showing notching of 
left seventh and eighth ribs. Patient was a 33 
year old woman with arteriovenous fistula of in- 
tercostal vessels of left posterior thorax. A loud 
bruit could be heard in left seventh intercostal 
space. (Reproduced with permission from M. Clin. 
North Americas) 





Fic. 11. Pulmonary arteriovenous fistula of the 
left mid-thorax in a $7 year old woman. 
Angiography demonstrated communication 
of pulmonary vessels with intercostal ar- 
teries. (a) Anteroposterior view demonstrat- 
ing notching of the sixth and the seventh 


ribs on left. (6) Localized view of left side of thorax demonstrating the notching in greater detail. 





Fic. 13. Arteriovenous fistula involving the left 
chest wall posteriorly in a 40 year old man. Note 
scalloped defects of inferior margin of the seventh, 
of both the inferior and superior margins of the 


left. Diffuse haziness in this region is due to as- 
sociated large soft-tissue mass. 


rib notching occurs only on the involved 
side in cases of innominate vein or sub- 
clavian vein obstruction on either side. 
McCord and Bavendam,5 in 1952, de- 
scribed a case in which long-standing ob- 
struction of the innominate vein was associ- 
ated with rib notching. In this case, the rib 
notching on the right was due to dilated 
and tortuous intercostal veins. ไท 1958, 
Dow? cited 2 more cases of rib notching due 
to dilated intercostal veins associated with 
thrombosis of the subclavian vein or su- 
perior vena cava, 

Rib notching 1n such cases 1s extremely 
rare, as might be expected, since dilated 
intercostal veins would not erode the ribs 
as readily as would dilated, highly pulsatile 
intercostal arteries. We have not observed 
rib notching in any case of obstruction of 
the superior vena cava, innominate, or sub- 
clavian vein. 
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INTERCOSTAL NERVE TUMORS 


Neurofibromatosis. In neurofibromatosis, 
rib notching due to intercostal neurofibro- 
mas is commonly encountered (Fig. 14). 
The rib deformities seen in neurofibromato- 
sis are frequently a part of the generalized 
bony dysplasia that occurs in this condi- 
tion. In an occasional case, the involvement 


of many ribs may suggest the rib notching 


of coarctation of the aorta. In most cases, 
however, the associated soft-tissue mass, or 
masses in the thoracic wall or mediastinum, 
and other skeletal deformities are visible, 
and the diagnosis is apparent. 

In 11 of 192 cases of neurofibromatosis 
reviewed at the Mayo Clinic by Hunt,” 
rib erosion was apparent. In 8 cases, multi- 
ple ribs were eroded and, in 3, onlv a single 
rib was eroded. In each instance associated 
findings suggested the diagnosis of neuro- 
fibromatosis. 

Other. Neurogenic Tumors. Rib erosion 
also may occur secondary to other benign 





Fic. 14. Bilateral notching of mbs in 22 year old 
man, similar to that seen in coarctation of aorta. 
Mediastinal and apical masses and distribution 
and character of the rib notching, however, are 
indicative of generalized neurohbromatosis. Hunt, 
J. C., and Pugh, D. G. Skeletal lesions in neuro- 
fibromatosis. Radiology, 1961, 76, I-19. 
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intercostal nerve tumors such as schwan- 
nomas or neurilemmomas. In these cases, 
there is usuallv a single tumor rather than 
multiple lesions as seen in neurofibromato- 
sis. Generallv, onlv a single rib, therefore, is 
eroded. In most such cases, the associated 
tumor mass is visible. 

Primary and metastitic tumors of the 
chest wall produce rib destruction rather 
than erosion, although erosion may occur 
early in the growth of these tumors. Such 
erosion, however, does not usually give rise 
to the picture of true rib notching due to 
erosion of the costal grooves. 


OTHER REPORTED CAUSES OF 
NOTCHING 


RIB 


Erosion of the ribs due to dilated inter- 
costal arteries has been reported in cases of 
arteriosclerosis, hypertension, and other 
conditions that increase the systemic pulse 
pressure. In 1937, Laubry and de Balsac" 
reported rib notching in $ cases, in 2 of 
aortic valve disease and hypertension, in 1 
case of syphilitic aortitis and aortic in- 
sufficiency, in 1 of mitral stenosis, and in 1 
of valvular heart disease of unknown origin. 
These authors did not suggest an explana- 
tion for the rib notching in these cases. Mc- 
Cord and Bavendam,!* however, su ggested 
that in some of Laubry and de Balsac’s 
cases, rib erosion may have been due to in- 
creased pulsation in the intercostal arteries 
secondarv to an increased pulse pressure. 

Dussaillant, Viviani, and Moya,’ in 
1945, reported a case in which rib notching 
occurred on the left and was presumed due 
to generalized arteriosclerosis that involved 
the intercostal arteries. 

We have observed no instances of rib 
notching in these various conditions. 

A number of authors have reported 
"idiopathic" rib notching in cases in which 
no obvious explanation for the rib notching 
could be made. Although true rib notching 
may possibly occur without demonstrable 
cause, one wonders, if in most such cases, 
the apparent rib notching 1s not due to 
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anatomic variation of the ribs themselves 
rather than to true rib erosion. Thinning of 
the undersurface of the mid-thoracic ribs 
near the vertebral column that resembles 
rib notching is commonlv seen and is à 
normal finding. We have not observed 
what we would call true rib notching in any 
patient in whom an underlying cause was 
not eventuallv found. 

Budenz,! in igso, described irregular 
cortical thickening that affected the inferior 
margins of several ribs in patients who had 
tuberous sclerosis. He suggested that the 
resulting appearance was similar to the rib 
notching seen in coarctation of the aorta. 
The appearance in these cases, however, 
was more that of irregular cortical thicken- 
ing than of true rib notching. 

Bernstein and associates? described ero- 
sive rib lesions in 14 of 28 cases of paralvtic 
poliomyelitis. In each instance, the rib 
erosion was on the superior, posterior as- 
pect of the ribs and was attributed to the 
continued pressure of the scapula against 
the ribs. The rib erosion in such cases could 
hardlv be confused with true rib notching 
which involves the inferior margins of the 
ribs. 

Su bperiosteal erosion of the ribs has been 
reported in cases of 8 จ โ 1 
bv Noetzli and Steinbach." In these cases 
the erosion was also on the superior m er n 
of the ribs except when extensive rib 
changes were present. Such rib erosion is 
not to be confused with true rib notching 
and, therefore, this and several of the other 
conditions just mentioned are not listed in 
the table. 


SUMMARY AND CONCLUSIONS 


Rib erosion, or notching of the inferior 
borders of the ribs, is a roentgenologic sign 
which may be encountered in various 
pathologic conditions. It is due most com- 
monlv to coarctation of the aorta and to 
surgical interruption of the subclavian and 
vertebral arteries for purposes of subclavian 
arterv-pulmonary artery anastomosis in 
patients with obstruction to pulmonary 
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blood flow. Rib ' condarv to other 
lesions is, indeed, rare 

Rib notching seen on thoracic roentgeno- 
grams may have important diagnostic im- 
plications and, on occasion, may present a 
dificult sence problem. However, the 
presence or absence of associated roent- 
genologic signs and knowledge of the clini- 
cal history and physical findings in such 
patients will permit the radiologist to sug- 
gest the correct diagnosis in most cases. 


Mayo Clinic 
Rochester, Minnesota 
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O: ‘CE thought to be pathognomonic of 
notching of 


coarctation of the aorta, 
the ribs is now known to occur in a varietv 
of other conditions. For the most part, 
these are related to the 0 of the 
intercostal space: the arterv, vein, and 
nerve. Enlargement of any of these struc- 
tures mav result in erosion of the inferior 
border of the rib. In Table 1 the causes of rib 
notching are listed, grouped according to the 
intercostal structure involved. Each of the 
conditions enumerated will be separately 
discussed. 


COARCTATION OF THE AORTA 


Following the first roentgen description 
of notching of the ribs in coarctation of the 
aorta bv Rösler? in 1928 (independently 
reported the next vear by Railsback and 
Dock*), the sign was for many years widely 
accepted as diagnostic of this disease. 

Numerous studies have demonstrated the 
mechanism of the production of notching in 
coarctation.*99* The collateral low bypass- 
ing the aortic constriction arises almost 
exclusively from the subclavian arteries. 
Anastomoses between branches of the sub- 
clavian arteries and the aortic intercostal 
arteries conduct blood to the aorta distal to 
the coarctation. The blood flows through 3 
main pathways (Fig. 1): (1) the scapular 
group, composed of the transverse scapular, 
transverse cervical, and superficial cervical 
arteries from the thyrocervical trunk, and 
the UM branch of the axillary 
artery; (2) the external thoracic group, con- 
sisting of the short and long thoracic 
branches of the axillary arterv; and (3) the 
internal thoracic group, comprising the two 
internal mammary arteries and their ante- 
rior intercostal branches.” 

The flow through the intercostal arteries 





TABLE I 


CAUSES OF RIB NOTCHING 
L Arterial 
A, Aortic obstruction 
1. Coarctation of the aortic arch 
Thrombosis of the abdominal aorta 
B. Subclavian artery obstruction 
1. Blalock-Taussig operation 
"Pulseless disease" 
C. Widened arterial pulse pressure (°) 
D. Decreased pulmonary blood supply 
1. Tetralogy of Fallot 
2. Pulmonary atresia (pseudotruncus) 
i. Ebstein's malformation 
4. Pulmonary valve stenosis 
c. Unilateral absence of the pulmonary 
artery 
6. Pulmonary emphysema 
Il. Venous 
A. Superior vena cava obstruction 
Arteriovenous 
A. Pulmonary arteriovenous fistula 
B. Intercostal arteriovenous fistula 
IV. Neurogenic 
A. Intercostal neurinoma 
V. Osseous 
A. Hyperparathyroidism 
VI. Idiopathic 


. Normal 


HI. 


in coarctation of the aorta is, of course, 
opposite to the normal direction of flow. 
The large volume of blood causes dilatation, 
tortuosity, and increased pulsation of the 
intercostal arteries. The intercostal arteries 
mav approach the subclavian artery in 
size," reaching aneurysmal proportions in 
abouts per cent of cases.!? Proximity of the 
artery to the inferior border of the posterior 
rib results in gradual erosion of the bone. 
When a patent ductus arteriosus enters 
the aorta distal to the coarctation, rib 
notching is ordinarily not seen. In this 
event, blood is supplied to the lower portion 
of the body from the pulmonary circulation 
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Fic. 1. Collateral arterial pathways in cervico- 
thoracic region. Capital letters designate major 
vessels; small letters indicate secondary branches; 
Roman numerals refer to intercostal arteries. 


B—Basilar al—External carotid— 
vertebral anasto- 
mosis 

a2—External carotid— 
cervical anastomo- 
Sis 

ac—Ascending cervical 

dc—Deep cervical 

it—Inferior thyroid 


CC—Costocervical 
trunk 


E—External carotid 
J—Interna! carotid 
IM—Internal 
mammary 
LT—Long (lateral) 
thoracic 
S—Subscapular 
ST—Short (superior) 
thoracic 
TC—Thyrocervical 
trunk 
V— Vertebral 


sc—Superficial cervical 


si—Superior intercostal 
td— Thoracodorsal 


ts—Transverse scapular 


through the open ductus. Thus, the inter- 
costal arteries do not become important 
collateral pathways. 

In coarctation, the notching is nearly 
always bilateral, but unilateral notching 
does occur? and is readily explained on a 
developmental basis (Fig. 2). If the coarcta- 
tion develops distal to the left subclavian 
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artery, bilateral notching occurs. If the 
coarctation develops proximal to this vessel 
or involves its orifice, as it does in about 2 
per cent of cases,® the notching is confined 
to the right side. An aberrant right sub- 
clavian artery arising as the last vessel from 
the aortic arch is found in 1 per cent of 
coarctations.® Left-sided notching occurs 
when this vessel originates distal to the 
coarctation. In these special circumstances 
only the subclavian artery arising proximal 
to the aortic obstruction serves as an effec- 
tive collateral pathway to the intercostal 


R. Sebo 
ROG. 
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L Sebel 


l FR. Subol. 
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น ๑ ๑ RG, C. 
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Fic. 2. Embryologic explanation for unilateral rib 
notching in coarctation of the aorta. Top right and 
left show the double fourth arches normally present 
in early fetal life. The segment between the heavy 
black lines subsequently disappears. Middle left. 
Formation of aberrant right subclavian artery. 
Lower left. Aortic coarctation proximal to the aber- 
rant right subclavian artery. This results in uni- 
lateral rib notching on the left. Middle right. The 
usual site of coarctation which produces bilateral 
rib notching. Lower right. The coarctation lies 
proximal to the left subclavian artery, resulting in 
rib notching on the right. (Reproduced with per- 
mission from Williams & Wilkins Co., Publisher.) 
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Fic. : 
ri à (B) Retrograde left carotid arteriogram. s coarctation is obscured by the spinal shadow. 


otomy tube. 2. Left common carotid artery. 
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;. Coarctation proximal to the left subclavian artery 


;. Greatly enlarged right internal mammary artery. 
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_ (4) There is notching of the right fifth to seventh 
1. Trache- 
The 


left internal mammary artery is diminutive. T fc right brachioceph alic arteries have filled from the aorta. 
Their branches, partially obscured by the patient's hand, are considerably enlarged. The intercostal 


arteries have not yet filled. 


arteries, so that the rib notching 1s confined 
to that side. 

ligure 3.7 shows marked notching of the 
right fifth, sixth, and seventh ribs. The left 
ribs are normal. On the retrograde left com- 


mon carotid arteriogram (Fig. 35), the 
right internal mammary artery is enor- 


mously dilated and the cervicoscapular 
branches of the right subclavian artery are 
enlarged. The left internal mammary artery 
is quite small. At operation, the aorta was 
found to be occluded between the left com- 
mon carotid and the left subclavian arteries. 
Figure 4.7 shows notching confined to the 
left sixth and ribs. The upper 
esophagus (Fig. 4D) shows the tvpical pos- 
terior imprint of an anomalous right sub- 
clavian artery.! 

Unilateral rib notching, however, is not 
always so simply explained. We have seen 2 
examples of unilateral notching in which 


aortography showed both subclavian arter- 
ies arising proximal to the coarctation in the 


usual manner. 


Rib notching is present in over 75 per cent 
of adults with coarctation, but is said to 
occur very rarely in early childhood.’ It 1s 
surprising, therefore, that in a recent article 
definite notching was reported 1 ท 13 per cent 
of infants under 1 vear of age with coarcta- 
tion.” Our own experience indicates that rib 
notching occurs fairly often in children un- 
der 12 but is quite rare in infants. Unques- 
tionably, the time factor plavs a significant 
rolein the dev elopment ofrib notching. How- 
ever, the severity of the aortic obstruction 
is probably even more important.” Notch- 
ing is more apt to appear earlv in life if the 
occlusion 1s marked and may never occur at 
all with lesser degrees of constriction. Yet, 
we have encountered several asymptomatic 
patients in the seventh and eighth decades 
with coarctation and striking rib notching. 
Presumably they had only mild or moder- 
ate coarctation and the duration accounted 
for the severity of the notching. 

Notching of the first two ribs is quite rare 
in coarctation of the aorta. The upper two 
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subclavian artery. (Z) Minimal notching of the left 
sixth rib medially and a well-developed notch of the 
left seventh rib laterally. There is no notching on the 
right. (B) Spot roentgenogram of the esophagus in 
the right oblique view showing an extrinsic posterior 
defect above the level of the aortic arch caused by the 


aberrant right subclavian artery. 


intercostal arteries nearly always arise from 
the superior intercostal artery, a branch of 
the costocervical arterv, rather than from 
the aorta. They do not convey blood directly 
to the aorta below the obstruction, as do the 
other intercostal arteries. Furthermore, they 
pass obliquely toward the subcostal groove, 
lying below the more horizontal intercostal 
nerve and farther from the corresponding 
nb 

The tenth and eleventh posterior inter- 
costal arteries do not anastomose with the 
anterior intercostal branches of the internal 
mammary arteries, but instead join the in- 
terior and lateral epigastric branches of the 
external iliac arteries.” The twelfth inter- 
costal (or subcostal) artery is essentially a 
lumbar arterv. The lower three intercostal 
arteries lie at some distance from the aortic 





obstruction and probably participate little 
in the collateral flow. In experimental acute 
occlusion of the aortic isthmus in 3 dogs, we 
noted that contrast medium in the distal 
aorta flowed outward into the lower inter- 
costal arteries. For all these reasons the 
last three ribs are not notched in coarcta- 
tion of the aorta. 

Notching from coarctation, then, is rarely 
seen above the third or below the ninth rib. 
This is not to sav that all the ribs between 
are involved in an individual case. In fact, 
this is seldom so and in most cases the 
notching is asymmetric and confined to onlv 
a few ribs on either side. The notches on the 
attected rib may be single or multiple, shal- 
low or deep, broad or narrow. The location 
of the indentations is quite variable from 
case to case and from one rib to the next 
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(Fig. 47). The anterior rib segments are not 
affected becatise the anterior intercostal 
arteries, branches of the internal mammary 
arteries, are bifid and do not run in a sub- 
costal groove as do the aortic (posterior) 
intercostal arteries. The superior aspect of a 

rib may be notched if the tortuositv of the 
superjacent poster ior intercostal artery 1s so 
marked that it makes contact with the rib 
below.?* 


LOWER AORTIC OBSTRUCTION 


Obstruction of the lower thoracic or ab- 
dominal aorta also involves the intercostal 
arteries in the collateral flow. This occurs in 
atypically located coarctation'? and in 
aortic thrombosis. Figure 5 is a thoracic 
aortogram in a patient with thrombosis of 
the lower abdominal aorta, demonstrating 
the dilated tortuous lower intercostal arter- 
ies. These collaterals convey blood from the 
aorta to the lower extremities, bypassing 
the obstruction, and the intercostal flow is 
in a direction opposite to that in coarcta- 
tion. Although the lower ribs are spared in 
coarctation, the extreme dilatation and 
tortuosity of the intercostal arteries which 
occur in obstruction of the lower aorta may 
produce notching, which was present but 
not well dev eloped i in this instance. 
AVIAN OBSTRUCTION FOLLOWING THE 
BLALOCK-TAUSSIG OPERATION 


SUBCL 


In the Blalock-Taussig procedure for con- 
genital cvanotic heart disease, the sub- 
clavian artery is divided and its proximal 
end is anastomosed with the pulmonary 
artery on the same side, increasing the blood 
flow to the oligemic lungs. Following the 
operation, a number of collateral pathways 
to the arm distal to the ligated subclavian 
artery are available* (Fig. 1). However, in 


Aorta posterior intercostal arteries-subscapular and 
ong d short thoracic branches of axillary artery. 
Proximal subclavian artery thy ส transverse 
sca vel transverse cervical, and superficial cervical arteries. 
ล] subclavian artery -costocervical superior inter- 
ud a. 


z. ON EERE eue al artery ~ 
grade) ipsilateral vertebral artery. 





arteries subscapular 


=p hen mal basilar --(retro- 
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s. Thrombosis of abdominal aorta. The thoracic 
aortogram shows dilatation and tortuosity of the 


eighth, ninth, and tenth intercostal arteries, 
which supply blood to the lower part of the body 
via anastomoses with arteries of the abdominal 
wall. On the plain roentgenogram a small notch 
was visible in the left tenth rib medially. 


order to obtain sufficient mobilization for 
the anastomosis, some or all of the major 
branches of the subclavian artery may be 
ligated, b la king many of these potential 

pathways.™?! In this event, the posterior 
in แล l may carry the bulk of the col- 


. Contralateral subclavian artery othyrocervical and costo- 
cervical branches ipsilateral branches. 
, External carotid artery — 5 vertebral, thyrocervi 


a. or costocervical branches,** 


TORO 





hic. 6. Patient had a Blalock-Taussig operation for 
tetralogy of Fallot. Notching is seen in the third to 
fifth ribs on the left, the side of the operation. A 
roentgenogram made 2 vears earlier, at the time 
of the operation, showed no notching. 


lateral low through their communications 
with the thoracic and subscapular branches 
of the axillary artery.” 

Kent,” in 1953, encountered 2 cases of 
ipsilateral rib notching following the Bla- 
lock-Taussig operation. In one, angiography 
demonstrated the dilated intercostal arter- 
les responsible for the notching. The follow- 
ing vear Levin and Rigler? reported 8 addi- 
tional cases. They stated that notching 
occurred only if the anastomosis became 
occluded or if, for technical reasons, it could 
not be completed after the subclavian ar- 
terv had been ligated. Peterson found that 
17 of 100 operated patients had developed 
ipsilateral notching. However, 14 of the 17 
had evidence of a functioning anastomosis.?" 

Obviously, then, closure of the anastomo- 
sis 1s not essential for rib notching to ap- 
pear. Nevertheless, notching occurs in a 
higher percentage of patients in whom the 
anastomosis has become occluded. In these 
instances, It is presumed that the throm- 
bus extends to include the orifices of some 
of the major branches of the subclavian, 
causing more of the collateral blood to take 
the intercostal route to the arm. 





notches in the left third, fourth, and fifth 
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ribs in a voung woman who had a left 
Blalock-Taussig operation for tetralogy of 
Fallot 2 vears earlier. There had been no 
notching before the operation. The anas- 
tomosis was thought to be occluded be- 
cause cyanosis recurred and the bruit dis- 
appeared. 


PULSELESS DISEASE 


The term “pulseless disease" has been 
applied to occlusion of two or more brachy- 
cephalic arteries at or near their origin, 
resulting in absent pulses in their corre- 
sponding distributions. Underlying causes 
include arteriosclerosis obliterans, luetic 
aortitis (with or without aneurysm), arteri- 
tis of the Takayasu type, and post-trau- 
matic thrombosis.?? 

We have found only 1 previously re- 
ported case of rib notching accompanving 
this condition.? "This was in a young Jap- 
anese woman with Takavasu's disease. The 
mechanism of the notching is the same as 
that following the Blalock-Taussig opera- 
tion: collateral circulation to the arm via 
the intercostal arteries. 

In the so-called “subclavian steal” svn- 
drome, an important route of collateral 
flow is demonstrated which may supersede 
the intercostal pathway in obstruction of 
the proximal subclavian artery. As shown 
by injection of contrast medium, blood 
from the contralateral vertebral artery 
bypasses the basilar artery and flows retro- 
grade into the ipsilateral vertebral artery, 
entering the subclavian artery distal to the 
obstruction. Thus, the subclavian artery 
"steals" blood intended for the brain. This 
and the many other patent cervical connec- 
tions?! (Fig. 1) sidetrack the blood from the 
intercostal route, probably explaining why 
rib notching so seldom occurs in isolated 
occlusion near the orifice of a subclavian 
artery. Figure 7, 4 and B, shows left rib 
notching in a patient with severe calcific 
atherosclerotic changes at the origins of all 
the brachvcephalic arteries. Pulses were 
absent in both arms and both sides of the 
neck. 
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Fic. 7. "Pulseless disease." 


(4) There is definite notching of the left eighth rib 


(B) Extensive calcification 


is present in the wall of n aorta and brachycephalic arteries. A calcified tionibus is thought to be present 
in one of the great vessels, just anterior to the barium-filled upper esophagus. A small amount of barium 
has been aspirated. Pulses were absent in both arms and both sides of the neck, but the femoral pulses 


were strong. The patient expired and autopsy was not performed. 


WIDENED ARTERIAL PULSE PRESSURE 

Laubry and Heim de Balsac,? in 1937 
reported rib notching "in older people with 
striking aortic changes, often associated 
with hy pertension.” They also encountered 
it in syphilitic aortitis with aortic insuffi- 
ciency. There has been one further case 
report of notching in arteriosclerosis, but 
this was not proved.!® It has been postu- 
lated that the rib erosion in these cases was 
related to an increase in the pulse pres- 
sure.” However, in view of the large num- 
ber of cases of hy pertension with general- 
ized arteriosclerosis, the incidence of notch- 
ing due to this inechanism must be quite 
rare, if it does indeed occur. 

In reviewing the chest roentgenograms 
of 1 ๐ ๐ unselected patients who at autopsy 
showed marked generalized atherosclerosis 
without large vessel occlusion, we found 2 
examples of mild to moderate notching of 
one and three ribs, respectivelv. However, 


as will be shown Voter: similar degrees of 


notching can be seen with equal frequency 
in normal individuals. 


DECREASED PULMONARY BLOOD SUPPLY 

From a hemodynamic standpoint, it is 
possible for rib notching to develop in any 
congenital cardiovascular condition associ- 
ated with decreased pulmonary arterial 
blood flow. The development of notching 
depends upon the presence of an extensive 
collateral blood supply to the  oligemic lungs 
from the systemic circulation via the inter- 
costal arteries. This systemic collateral cir- 
culation may become so well developed 
that the lungs actually appear hyperemic 
(Fig. 8). There are multiple routes by 
which the svstemic blood may reach the 
lungs in these cases. The aortic intercostal 
arteries are intimately involved in these 
pathways.* They may enlarge sufficiently 
to cause rib notching. 

Notching has been reported in the tetral- 
ogy of Fallot (prior to operation),*? uni- 

fy, Proximal descending aorta or aortic intercostal arteries 
E rane. arteries (usually two on left, one on right). 

Aortic intercostal arteries internal mammary, phrenic, 
md pericardial arteries bronchial branches. 
Aorta, subclavian, and phrenic artery anomalous branches 


ino lung? 
4. Aortic intercostal arteries -+perforating pulmonary branches. 





Fic, 8, Pulmonary valvular stenosis with patent 
foramen ovale. There is notching of the right fourth 
to sixth ribs. The hyperemia of the right lung may 
be attributable to extensive collateral circulation. 
The reason for the unilateral distribution of the 
notching is not clear. The thin-walled cavity in 


« 


lateral absence of the pulmonary artery,” 
pulmonary artery atresia (pseudotruncus)," 
and Ebstein's malformation.” Curiously, 
even in patients with bilateral pulmonary 
ohgemia, the notching has been invariably 
unilateral. This has also been true in our 
own cases. We have no explanation for 
this. ^ 

Figure 8 shows a patient with pulmonary 
valve stenosis and patent foramen ovale. 
There is notching of the fourth, fifth, and 
sixth right ribs. In Figure 9, a patient with 
congenital absence of the right pulmonary 
artery, notching of the right fifth and sixth 
ribs is shown. Figure 10 is an example of rib 
notching on the right in a patient with 
tetralogy of Fallot and absent right pul- 
monary artery. The small notch in the left 
sixth rib first appeared one year after a left 
Blalock-Taussig operation. Thus, there is 


* Acquired unilateral notching has been reported recently in 
pulmonary emphysema, from this same mechanism. One of our 
cases, previously considered to be idiopathic notching, is probably 
an example of this. 
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hic. 9. Congenital absence of the right pulmonary 
artery. The heart and mediastinal structures are 
shifted into the right thorax, which is smaller than 
the left. The left lung is hyperemic because it is 
receiving all the blood from the right ventricle. 
Notching (arrow) is present in the right fifth and 
sixth ribs and is the result of collateral flow to the 
right lung via the intercostal arteries. There was 
duced with permission from W. B, Saunders Co., 
Publisher.) 


notching of different etiologv on the two 
sides. 





Vic. 10. Tetralogy of Fallot with absent right pul- 
monary artery. Sight notching of the left sixth 
rib appeared : year after an unsuccessful left 
Blalock-Taussig operation. The mild notching 
of the right sixth and seventh ribs was present 
prior to this operation, Subsequent right thor. 
acotomy showed absence of the right pulmonary 
artery. The patient thus illustrates two different 
mechanisms of rib notching. 
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VENOUS OBSTRUCTION 


Although one might not expect soft non- 
pulsatile veins to erode bone, striking costal 
notching has been encountered in chronic 
obstruction of the superior vena cava. >? 
Fibrosing mediastinitis has so far been the 


obstruction lies entirely above the entrance 
of the azygos vein, much of the blood from 
the upper portion of the body reaches the 
patent segment of the superior cava 
through the azygos vein. If the obstruction 
incorporates or lies below the mouth of the 
azvgos vein, the flow is principally toward 
the inferior vena cava. In either of these 
circumstances, the intercostal veins carry a 
considerable excess of blood and may pro- 
duce costal erosion.” 

Figure 11.7 shows, in addition to fullness 
of the superior mediastinum, bilateral 
notching of the ribs. The right brachial 
venogram (Fig. 118) shows obstruction of 
the superior vena cava below the azvgos 


Rib Notching: Its Many Causes jen 


3 


ห อ เท entry. A markedly enlarged and tor- 
tuous right intercostal vein projects into 
one of the notches. We have seen 2 addi- 
tional examples of venous rib erosion from 
chronic fibrosing mediastinitis. 


ARTERIOVENOUS FISTULA 


Rib notching in pulmonary arteriovenous 
fistula is not common.” In one autopsied 
case, the pleural space over the right mid- 
dle and lower lobes was obliterated and 
numerous large tortuous vessels extended 
from the chest wall to the lung, fed by three 
intercostal arteries." Traumatic and con- 
genital intercostal arteriovenous fistulas 
may also be associated with notching of the 
adjacent ribs. Notching has not been 
encountered with simple cavernous heman- 
gioma of the chest wall.” 

Figure 12, 4 and B, is an example of rib 
notching 1 ท a patient with innumerable 
pulmonary arteriovenous fistulas and he- 
reditary familial telangiectasis (Osler- 


A 
d 


Rendu-Weber svndrome). 








Fic. 11. Superior vena caval obstruction secondary to chronic fibrosing mediastinitis, probably of histo- 
plasmic origin. There is notching of the left seventh and eighth and right fifth to seventh ribs. (7) Plain 
roentgenogram. The prominence in the region of the aortic knob represents the enlarged superior accessory 
hemiazygos vein. (B) Right brachial venogram revealing numerous collaterals in the neck and medias- 
tinum. The superior vena cava is occluded below the entry of the azygos vein, which shows retrograde 
How. A very large tortuous intercostal vein conforms to some of the rib notches. 
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Fic, 12. Extensive bilateral pulmonary arteriovenous malformation in a patient with Osler-Rendu-Weber’s 
syndrome, (4) Plain roentgenogram. There is notching of the right fifth and seventh ribs. The sixth rib 
has been resected, The heart is considerably enlarged. (B) There are innumerable small arteriovenous 
fistulas visible on the angiocardiogram. The density in the right lower thorax is an artefact. 


NEUROGENIC TUMOR 


Rib deformity is commonly encountered 
in patients with solitary or multiple inter- 
costal or spinal nerve tumors. Pressure from 
the tumor or congenital maldevelopment 
related to it may result in attenuation, 
gross irregularity, or displacement of the 
affected rib. However, true notching by 


intercostal neurinoma does occur, par- 





Fic. 13. Neurofibromatosis. There is notching of the 
right fourth to seventh and the left sixth to eighth 
ribs, The two masses protruding into the pulmo- 
nary apices probably represent extrapleural exten- 
sion of intercostal neurofibromas. 


ticularly in neurofibromatosis. Many ribs 
may be affected, simulating the rib notch- 
ing seen in coarctation.!? In our own cases 
of notching from neurofibroma, one or more 
extrapleural masses were roentgenographi- 
cally visible somewhere in the thorax. Sim- 
ilar masses have not been encountered in 
other conditions associated with notching. 
Figures 13 and 14, 4 and B, show rib notch- 
ing in 3 patients with Von Reckling- 
hausen's disease. 


OSSEOUS CONDITIONS 


Several references are made in the 
literature to “pseudo-rib notching” in 
tuberous sclerosis. 9 These stem from a 
report in which notching of several ribs 
was described in a case purported to be 
tuberous sclerosis. However, the rib 
changes appear to represent irregular cor- 
tical thickening rather than notching and 
the clinical findings seem more in keeping 
with Gardner’s syndrome, since there were 
multiple colonic polyps, exostoses of the 
skull, and multiple subcutaneous xan- 
thomas, fibromas, and sebaceous cvsts. 
The attenuation of the third to eighth pos- 
terior ribs (from scapular pressure) en- 
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Rib Notching: 


el 
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countered in paralytic poliomyelitis does 
not resemble rib notching.? 

ไท hvperparathvroidism, subperiosteal 
rosion of bone, particularly in the pha- 
langes and tibias, is a common and specific 
feature. Similar involvement of the ribs 
may occur, usually on their superior as- 
pect.” However, we have encountered one 
example of hvperparathvroidism 1 ท which 
the inferior rib ; were affected, 











surfaces 
giving the appearance of notching (Fig. 
FE) 


IDIOPATHIC NOTCHING 





Occasional examples of unequivocal rib 
notching have been encountered 1 ท which 
thorough investigation has tailed to reveal 
anv of the causes mentioned above. We 
have seen one such case with marked bi- 
lateral notching. Lesser degrees of notching 
are encountered fairly often in apparently 
healthy individuals. One of us (B.F.) has 
reviewed 1,000 survey chest roentgeno- 
grams for rib notching and encountered it 


แล 


in mild to moderate degree with surprising 


frequency (Table i1 and Fig. 16). 














Its Many Causes 








Fic. 14. Two cases of neurofibromatosis. (4) 
There 1s a small notch in the left third rib. 
The density in the apex is probably a neuro- 


fibroma of the first intercostal nerve. (5) 





and attenuation. The fifth rib is slightly in- 
volved. The large soft tissue mass is an inter- 
costal neurofibroma protruding into the 
thorax. 


The left fourth rib shows severe scalloping 





DISCUSSION 


Our list of causes of rib notching, while 
relatively long, is probably not complete. 
One can predict with reasonable assurance 
that notching will eventually be demon- 
strated in such conditions as coarctation or 
thrombotic occlusion of a main pulmonary 
arterv, congenital absence or chronic ob- 
struction of the inferior vena cava, bron- 
chiectasis with hypertrophy of the bron- 
chial arteries, and pulmonary oligemia 
associated with cardiovascular anomalies 
other than those cited earlier. 

It is easy to overlook minor degrees of rib 
notching on the roentgenogram. Con- 
versely, one must guard against over-read- 
ing them. In view of the frequency of minor 
and even moderate indentations of the ribs 
in normal individuals, it is sometimes difh- 
cult to be certain of pathologic notching. In 
this connection, the location of the indenta- 
tion on the rib has been helpful. While ab- 
normal notching is more difficult to recog- 
nize medially (because of the greater nor- 
mal variation here), it 1s seldom limited to 











ü 


1086 





Fic. 1s. Hyperparathyroidism. The left sixth to 


eighth ribs are notched, probably as a result of 


subperiosteal resorption. The inner end of the left 
clavicle shows irregular destruction. 


this region. In most cases, true notching is 
confined to the middle third of the poste- 
rior ribs. Similarly, multiplicity of rib in- 


Tape Il 
INCIDENCE OF RIB NOTCHING IN 1,000 
SURVEY CHEST ROENTGENOGRAMS* 
Per Cent 


Medial half of posterior ribs 


Mild 19.0 

Moderate 222 
Lateral half of posterior ribs 

Mild (gue 

Moderate 1.4 


* One or more ribs affected. 
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hic. 16. Normal patient with mild rib notching. The 
left eighth and ninth ribs are involved. 


volvement strongly favors bona fide notch- 
ing. Yet we have seen a fair number of ex- 
amples of pathologic notching in which 
onlv one or two ribs were involved. Shal- 
low, wavv, elongated scalloping is Just as 
reliable from the diagnostic standpoint as 
deeper, narrower, solitary notches. Despite 
these rules, we have seen a few cases in 
which rib notzhing was equivocal. 

Little has been written about the length 
of time it takes for notching to appear and, 
after correction of the cause, to disappear. 
In coarctation of the aorta, the notching is 
occasionally present in early infancy” and 
may regress within a vear after surgical 
correction. Notching after the Blalock- 
Taussig operation appears, on the average, 
about 38 months after the procedure, but 
has been seen as early as 6 ท า อ ท ะ ทร. ก 8 
We have little to add to this meager in- 
formation. Ir seems clear that in the various 
conditions enumerated the duration as well 
as the severitv of the causative mechanism 
is : mportant for the production of notching. 

Familiarity with the causes and mech- 
anisms of rib notching is of practical value. 


VoL, gt, No. 5 
The sign is a frequent one and its implica- 
tions are important. The recognition of this 
sign will often enable the roentgenologist to 
direct the further work-up of the patient 
toward a definitive diagnosis. 


SUMMARY 





Notching of the ribs is now known to be 
caused bv a varietv of conditions. These 
are related, for the most part, to enlarge- 
ment of one of the three components in the 
subcostal grooves, the intercostal arteries, 
veins, and nerves. The different mecha- 
nisms of arterial rib notching are discussed 
and the collateral pathways are described. 
The manv causes of rib notching are classi- 
fied and examples of most of them are 
illustrated. 
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UNUSUAL FORAMINA, PSEUDOFORAMINA, AND 
DEVELOPMENTAL DEFECTS OF BONE* 


By LEONARD BERLIN, 


M.D.t 


CHICAGO, ILLINOIS 


A A i d hndings can be classed as 

‘normal” or “abnormal.” Ordinar ilv, 
for roentgenologists, this differentiation is 
a comparatively simple matter; however, 
there are occasions when this decision dene 
immediate solution. Normal bone and joint 
structure 1s learned by every radiologist 
early in his career, although certain varia- 
tions of normal may not be as well known. 

This report deals with some roentgen 
findings in bone which are “unusual” in the 
sense that they occur only in a small minor- 
ity of the population, but are “normal” in 
the sense that thev are found in healthy 


people; they concern (1) foramina, (2) 
pseudotoramina, and (3) developmental 
defects. 


1. FORAMINA 
STERNAL FORAMEN 


Most congenital sternal anomalies, being 
asvmptomatic, are discovered onlv bv 
accident when the sternum is incidentally 
visualized on a roentgenogram taken for 
some other purpose. It is perhaps for this 


reason that developmental abnormalities of 


the sternum are neither as frequently recog- 
nized nor as often reported as are congeni- 
tal anomalies elsewhere in the chest. A 
rather extensive search throughout the 
radiologic literature has failed to disclose 


any description of the rare condition of 


Sen foramen. s entity S m men- 


iab put lave comi. SES 4 e 


cases. 
Figure 1 shows a sternal foramen, 
noticed as an incidental finding during an 


examination of the esophagus in an essen- 
tially healthy person. 





The defect is well seen tn 
the lower portion of the corpus sterni. Barium 1s 
present in the esophagus and stomach. 


Fic. 1. 


Sternal Foramen. 


Despite its simplicity of appearance in 
the adult, the sternum evolves during fetal 
and neonatal life in a rather complex man- 
ner.? According to Gray’s Anatomy,” the 
sternum originally consists of two parallel 
cartilaginous bars, each connected with 
cartilaginous ribs on both sides of the mid- 


* From the Department of Radiology, College of Medicine, University of Illinois, Chicago, Illinois. 
T Presently at USAF Hospital Wright-Patterson, Wright-Patterson AFB, Dayton, Ohio. 
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bic. 2. Xiphord Foramen. This well circumscribed de- 
fect in the xiphoid process of the sternum is more 
common than the sternal foramen. See Figure 1. 


line. By the early second trimester of gesta- 
tion, these two bars fuse with each other; 
failure of fusion results in a partial or com- 
plete vertical fissure. The single cartilagi- 
nous sternum then proceeds to develop 6 
primary ossification centers: 1 for the 
manubrium, 4 for the body, and one for 
the xiphoid process. These appear first in 
the manubrium in the sixth fetal month, 
and develop 1 ท a cranial-caudal direction 
until the xiphoid center forms in the fifth 
to eighteenth year of lite. In addition, two 
episternal centers sometimes occur.? Oc. 
casionallv, some of the segments of the 
sternal bodv arise from several ossification 
centers. The second, third, and fourth seg- 
ments are not uncommonly formed from 
two centers placed laterally to each other. 
The irregular midline union of these ex- 
plains the rare occurrence of the sternal 
toramen.?* For the sake of completeness, it 
should be noted that fusion of the ossified 
sternal segments begins at puberty and 
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proceeds in a caudal cranial direction; com. 
plete union into a single bone does not occur 
until the twenty-fifth vear of life. 

The sternal foramen is of varying size 
and form, and although it is said to contain 
life, it is filled with hvaline cartilage in the 
adult.* Although a foramen may also occur 
in the xiphoid process, the true sternal fora- 
men occurs only at the junction of the third 
and fourth segments of the sternal body, at 
the level of the articulations of the costal 
cartilages of the fifth rib.!® The reason for 
this specific location is not known. 

The etiology of the xiphoid foramen is 
not well understood, but in standard anat- 
omy textbooks! ^?" it is described as a com- 
mon variant (Fig. 2). 

The incidence of the sternal foramen is 
not definitely. known, since routine sternal 
roentgenography in living persons has 
never been done. Greig," however, sug- 
gests an incidence of 1-2 per cent 1 ท dried 
skeletal specimens. This anomaly appar- 
ently 1s more common in certain species of 
apes and monkevs.!? 


SUPRATROCHLEAR FORAMEN 


The articular surface of the distal humer- 
us includes a laterally placed eminence, 
the capitulum, and a medial portion, 
named the “rochlea. The former structure 
articulates with the head of the radius, 
while the latter surface fits within the semi- 
lunar notch of the ulna. Just above the 
trochlea are two depressions or fossae: one 
anteriorly, called the coronoid fossa, and 
the second posteriorly, named the olecranon 
fossa. These fossae function together with 
the radius and ulna to aid in flexion and 
extension of the elbow. 

The two fossae are normally separated by 
a bony septum; rarely, only fibrous tissue is 
present, the bone itself being absent. The 
resulting structure is then called the 
"supratrochlear" or “intercondyloid” fora- 
men?! (Fig. 3, and &). This finding is said 
to occur in 4 per cent of the white race and 
13 per cent of the Negro race" It is more 
common in prehistoric skeletons, apes, and 
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bic. 3. G7 and B) Supratrochlear Foramen. Note that this structure is visualized only in the 
anteroposterior view of the elbow; the lateral view is entirely unremarkable. 


* 


primitive mammals.*7 There is 
tary factor. 


a heredi- 


INIO-ENDINEAL FORAMEN 


The inio-endineal canal or foramen (Fig. 
4) is a small channel in the mid-sagittal 
plane of the occiput at the level of the 
external occipital protuberance. It is tra- 
versed by an emissary vein which connects 
the external occipital veins with the conflu- 
ence of venous sinuses. It is said to be pres- 
ent in 44 per cent of skulls?? and must be 
differentiated from an osseous opening due 
to a dermal sinus. 


FORAMEN OF THE MIDDLE SUPRACLAVICULAR NERVE 


Although Pendergrass and Hodes” state 
that the foramen of the middle supra- 


clavicular nerve 1s impossible to visualize 
because of its diagonal direction, Kohler 
and Zimmer! believe that the structure can 
be seen roentgenographically in 2 to 6 per 
cent of the population. This foramen or 
canal occurs in the upper edge of the mid- 
portion of the clavicle (Fig. 5) and can be 
seen in 6.6 per cent of dried skeletal speci- 
mens.?? The entity was first described in the 


y 


German literature by Skarby.® 


ARCUATE FORAMEN 


After emerging from the transverse fora- 
men, the vertebral artery crosses the pos- 
terior arch of the atlas. On the floor of the 
arch a groove is formed, called the vertebral 
artery sulcus. The artery is covered by the 
oblique altanto-occipital ligaments. Rarely, 
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"UG. 4. nio-Endineal Foramen. Towne's view of the 
skull shows this canal to be located in the mid. 
portion of the occiput. 




















Fic. 5$. Foramen of the Middle Supractavicular | 
This was, of course, an incidental finding on a rou- 


tine chest roentgenogram. 








Fic. 6. (4 and B) Arcuate Foramen. Note the two different appearances of the ponticulus posticus, one being 
thin and the other quite thick. The arcuate foramina represent the resulting passage-ways from these bony 
bridges. 








F 


t 
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Vic. 7. Foramen of Bifd Rib. Note the foramen 
formed at the Junction of the bifid left fifth rib and 
its adjacent bifid calcified costal cartilage. 








an anomalous ossification center occurs 1n 
this ligament; subsequent ossification forms 
a bony arch, called the ponticulus posticus. 
The resulting foramen is named the arcuate 
or posterior atlantoid foramen, and con- 
tains the suboccipital nerve as well as the 
vertebral artery. The entire complex has 
been called Kimmerle’s anomaly, and 
occurs in 12.6 per cent of all normal skulls.* 

There is wide variation in shape, size, 
and contour of the foramen and its roof; 
Figure 6, 4 and B shows two variations. 
Pyo and Lowman” have emphasized that 
size of the vertebral artery 1s In no way cor- 
related with the size of the arcuate foramen. 








‘tc. 8, (4 and B) Parietal Foramina. 
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| OF BIFID RIB 


Bifurcation of a rib is a congenital 
anomaly occurring in from . ๐ 1-.6 per cent 
of the population.*?* When ribs are bifur- 
cated at their sternal ends, they articulate 
with similarly bifid costal cartilages.°° 
‘igure 7 shows an example where calcifica- 
tion of a bifid costal cartilage has joined 
with a bifid rib to create a foramen. It is 
probable that the foramen is functionless, 


and is undoubtedly filled with fibrous tis- 
sue. It is generally believed that the cause 








ote the characteristic location and appearance in both 


anteroposterior and lateral views of these enlarged foramina. 
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Fic. 9. Maseular Foramina of the Carpal Phalanges. These canals can be seen in the waist-like com 
stricted areas of the middle phalanges of the second through fifth digits bilaterally, 


of costal cartilage calcification is unknown: 
this calcification may take place anv time in 
adult lite and is unrelated to disease." 





PARIETAL FORAMINA 


This entity is one of the best known and 
most thoroughly studied of all bone anoma- 
lies. Since the subject has been covered well 
เท both textbooks? and medical jour- 
nals, 88 only a brief review is made 
here. 

Parietal foramina are detects in the 
parietal bones, located 2 fingers ventral to 
the apex of the lambdoid suture and 1 cm. 
to the left and right of the sagittal suture." 
They occur in 60 per cent of people, but in 
go per cent of these the detects are less than 
1mm. in diameter.” Rarely, however, the 
defects may measure up to 5 cm. in diame- 
ter. The foramina transmit emissary veins 
connecting the occipital veins with the ร น - 
perior sagittal sinus.” There is a definite 
hereditary tendency; Goldsmith" found 
parietal foramina in innumerable members 


D 





Fic. 10. Posterior Condylar Fossa. This finding, more 


marked on the patient's left, is usually best seen in 
the occipital view of the skull. 
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of the Catlin family, and termed the phe- 
nomenon the “Catlin mark.” 
The finding is of no real clinical signifi- 


cance, but may present a rather bizarre 


appearance on the skull roentgenogram 
(Fig. 8, 7 and 5j. 


VASCULAR. FORAMINA OF THE CARPAL PHALANGES 


Although nutrient foramina occur in all 
parts of the skeleton, thev are not often 
visualized and perhaps even less frequently 
recognized. In Figure 9 can be seen the 
characteristic punched-out holes at the 
levels of the waist-like constrictions of the 
middle phalanges of the fingers; this ap- 
pearance is typical of nutrient canals." 
According to Catfey,* these foramina are 


rarely seen in the distal or proximal 
phalanges. 


2. PSEUDOFORAMINA 


A foramen is defined as “a natural hole or 
passage, especially one into or through : 
bone. ? Foramina, then, are seen both on 
roentgenologic examination and on inspec- 
tion of the anatomic bone specimen itself. 
The following conditions are termed 

"pseudoforamina," for although they simu- 
late a hole roentgenographically, inspection 
of the actual bone specimen reveals no such 
osseous defect. 


POSTERIOR CONDYLAR FOSSA 


On either side of the foramen magnum 
behind the occipital condyles lie the poste- 
rior condylar fossae. These depressions in 
the base of the skull articulate with the 
superior posterior part of the lateral masses 
of the atlas when the head is bent back- 
ward. The roentgen anatomy and clinical 
significance of this entire region was de- 
scribed by Haas? in 1957. According to his 
report, the appearance of the fossae is 
variable; they may be absent, shallow, 
small, large, symmetric or asymmetric. 

The translucent shadows of the fossae do 
not correspond to actual foramina; they are 
due to the extreme thinness of the bone in 
this area. Occasionally, the fossae may con- 
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Pig. odi 
Lateral view of a dried skull ร 
extreme thinness of the portion of the 
temporal bone, simulating a large bony defect. 


Squamosal Portion of the Temporal Bone. 
pecimen shows the 


tain a tiny vascular canal. Uhese structures 
are usually best demonstrated in the occipi- 
tal view of the skull (Fig. 10). 


SQUAMOSAL PORTION OF TEMPORAL BONE 


The squamosal portion of the temporal 
bone is flat, thin, often translucent?" and is 
the thinnest hu part of the lateral wall of 
the cranial vault. Often a lateral view of 
the skull suggests the complete absence of 
bony substance in this area (Fig. 11). 
Especially when physiologic sclerosis ac- 
companies the squamosal suture, the squa- 
mosal bone itself may simulate a large fora- 
men, 


ILLAC FOSSA 


Usually no cancellous bone is found in 
iliac fossa portions of the pelvic bones; only 
a thin sheet of compact bone is present, 
making the structure semitransparent.?" As 
a result, roentgenograms of the pelvis mav 
suggest a large defect of bone in the middle 
of the ilium; in particular, an oblique view 
may “ asize this "pseudoforamen" 


a 


1096 





view of the pelvis shows a large bone defect simu. 
lated by the normal thinness of the iliac fossa. 


BODY OF THE SCAPULA 


Above and below the spine of the acro- 
mion are thin portions of the scapula known 
as the supraspinatus and infraspinatus 
fossae. These areas are unusuallv thin and 
may appear translucent. Occasionally, 
there 1s an actual absence of bone, and the 
adjacent muscles are separated only by 
fibrous tissue." Again, varving the position 
of the anatomic part emphasizes this nor- 


mal “hole-like” appearance (Fig. 13). 


LATERAL MALLEOLAR FOSSA 


The distal fibula terminates with the 
lateral or fibular malleolus. On the medial 
aspect of this malleolus, in the location of 
the articulation. with the talus, there is a 
small excavated area known as the malleo- 
lar fossa.?" Usually, this depression is 
quite inconspicuous, but occasionally it 
may simulate a hole or lesion within the 
bone (Fig. 14, 4 and B). 


HEAD OF THE HUMERUS 


Brailsford? states that in the head of the 
humerus there are areas of radiotranspar- 
ency of various sizes--sometimes with well 
defined margins. These are seen unassoci- 
ated with bone disease and are of them- 
selves of no clinical significance. It has been 
observed that when the arm is held in 
abduction, the greater tuberosity area re- 
sembles a hole or foramen (Fig. 15). 
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PSEUDOCYSTIC AREA OF OS CALCIS 

Sirry™ in 1951 described a triangular 
shaped area of diminished bone architec- 
ture 1n the anterior portion of the os calcis 
which he termed the "pseudocvstic tri- 
angle." Cattey' states that the radiolucency 
may be either. triangular or. circular, and 
that it is seen in 10 per cent of children over 
7 years of age. Of 1,200 cases, Sirrv found 


é 


in 7 per cent, moderate changes in 21 per 
cent and very faint changes in 71 per cent. 
Ihe anatomic specimens show deficiency of 
osseous trabeculae,'5 but no specific disease 
Is seen. Àn example of this finding is shown 
in Figure 16. 


RADIAL TUBEROSITY 
The tuberosity of the radius is a cortical 
roughening present on the anteromedial 
aspect of the proximal portion of the bone; 
it receives the insertion of the biceps ten- 





3. Pseudoforamina of the Scapula, Antero- 
posterior roentgenogram of a dried scapular speci- 
men showing the marked thinning of the supra- 
and infraspinatus fossae, Often these areas simu- 
late large foramina. 
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Fic. 14. C4 and B) Lateral Malleolar Fossa. 
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Anteroposterior and lateral views of the ankle show the latera 


malleolar fossa simulating a foramen when the structure is seen ez face. 





don. Kohler and Zimmer? state that there 
is sometimes seen at this site a defect, 
depression or pit. This is an unusual norma 
variation; microscopic sectioning of the 
yone itself reveals no abnormalities. This 
finding appears to be more commonly seen 
in childhood (Fig. 17, Æ and B). 


m 
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EUDOFORAMEN OF THE DISTAL 





NUTRIENT P 











FEMORAL EPIPHYSIS {FOVEA CRIBROSA 
VASORUM INTERCONDVLOIDAE FEMO RIS) 


n 78 per cent of human femora, a dis- 


tinct fovea of from 3 to 8 mm. in diameter 


แล 








x 
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iG. 15. Pseudaforamen of the Greater Tuberesity of 
the Humeral Head. This is especially prominent 


when the arm is held in abduction. 
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is centrally located in the anterior inferior 
portion of the intercondylar fossa between 
the attachments of the cruciate ligaments. 
Within this fovea are contained § to I4 
nutrient foramina, through which pass mid- 
dle genicular branches of the poplite: 

artery. In a rather extensive study of this 
region, Rogers and Gladstone?? found that 


เท 78 per cent of the cases, the fovea 1s 
shallow and inconspicuous. In the remain- 
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s Pseudocystic Area of Os Calcis, Note the area 
diminished bone density in the anterior portion 


ot d 
of the os calcis, This is not abnormal. 


EJ 








Fic. 17. (4 and B) Radial Tuberosity. Oblique views of the forearm reveal how a depressed radial 
tuberosity can simulate a foramen or bone lesion. 
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Pie. 18. Nutrient Pseudoforamen of the Distal Femoral 
Epiphysis. Note the symmetric bilateral rarefac- 
tions in the intercondylar region of the distal 


femoral epiphysis. 


ing 22 per cent, however, the fovea is deep, 
measuring 3 to 5 mm. in depth, and causes 
an area of rarefaction on the roentgenogram 
(Fig. 18). It is this rarefaction that Caffey? 
terms the "nutrient foramen of the distal 
femoral epiphysis.” This structure is called 
a "pseudoforamen" here, however, since it 
is actually a bony depression rather than a 
true foramen. Rogers and Gladstone coined 
the more exact term of "fovea cribrosa 
vasorum intercondvloidae femoris." 


PSEUDOFORAMEN OF THE SUPERIOR LATERAL 
TIP OF THE. SCAPULA 


in the superior lateral aspect of the scapula. 
Kohler and Zimmer" warn that this repre- 
sents a normal thinning of bone, and is not 
to be confused with a pathologic lesion. The 
radiolucent spot is bounded by the glenoid 
fossa, the coracoid process, and the lower 
border of the scapular spine. 


3. DEVELOPMENTAL DEFECTS 


While incomplete ossification within the 
central portion of a bone forms a foramen, 
a similar abnormal ossification process 
occurring at the periphery of a bone can be 
called a “developmental defect." Three 
such examples are presented. One is well 
known to many radiologists; the others 
have never been described in the American 
literature. 
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Vic. 19. Pseudoforamen of the Superior Lateral Tip of 
the Scapula. Note the tiny radiolucent spot sur- 
rounded by the glenoid fossa, the coracoid process, 
and the scapular spine. 


RHOMBOID FOSSA OR NOTCH 

In 1937 Pendergrass and Hodes™ first 
irregular depression of the medial end of 
the clavicle. This area lies 1 to 1.6 cm. from 
the sternoclavicular junction on the inferior 
surface of the clavicle, and serves as the 
attachment for the costoclavicular (rhom- 
boid) ligament (Fig. 20). The finding occurs 
เท 1 ๐ per cent of the population, and may 
resemble a destructive bone lesion. 





Fic. 20. Rhomboid Fossa, Note the bilateral rhomboid 
notches at the medial aspects of the undersurfaces 
of the clavicles. 


[10 ๐ 0 





Fic. 21. Variation of the Sacral Coccygeal Area. 
There is bilateral incomplete union of the trans- 
verse processes of the first coccygeal segment and 
the inferior sacral angles; therefore, the fifth sacral 
foramina are only partially formed. It is obvious 
how complete lack of development of this bone 
ridge could simulate a large osseous defect. 


pow 


INFERIOR SACRAL NOTCH 
The adult sacrum is a large solitary tri- 


angular shaped bone articulating with the 
lumbar spine superiorlv, the hip bones 
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laterally, and the coccyx inferiorly. It is the 
result of complete fusion of 4 original sacral 
vertebrae. Normally, the sacrum encom- 
pases 4 pairs of anterior sacral foramina 
and 4 pairs of posterior foramina; laterally 
the lower end of the sacrum terminates in 
projections, the inferior lateral angles. 
Medial to each angle is an indentation of 
bone, the inferior sacral notch. Usually this 
notch is converted into a foramen by union 
of the inferior sacral angle and the trans- 
verse process of the first coccygeal segment; 
passing through this foramen is the anterior 
division of the fifth sacral nerve. !%#° 

In perhaps 5 ๐ per cent of the population, 
however, anomalies in the sacrococcvgeal 
area exist.!* The first coccygeal segment 
may fuse completely with the sacrum; the 
union of the transverse process of the first 
cocevgeal segment and the inferior sacral 
angle may be incomplete (Fig. 21); or the 
direction of the coccyx in relation to the 
sacrum may be deviated in almost any 
manner--anteriorly, posteriorly, or ob. 
liquely.16:32 

If one transverse process of the first 
coccygeal segment fails to fuse with the 
sacral angle while the opposite side does 





Fic. 22. (4 and B) Prominent Inferior Sacral Notch. This patient was originally thought to have a sacral 
tumor on the left. Note, however, the angulation of the coccyx to the left, and the marked prominence of 
the sacral notch. These findings are variations of normal. 
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Fic. 23. Prominent Inferior Sacral Notch. Note the 
similarity in appearance between this roentgeno- 
gram of dried skeletal specimen and the case illus- 
trated in Figure 22, 4 and B. 


and if the coccyx is specifically angled to 
the unfused side, a normal bony defect 
representing the open inferior sacral notch 
may appear (Fig. 22, 4 and B; and 23). 
This notch may be so prominent and so 
asymmetric that it may well simulate a 
tumor of the sacrum. Variations of this 
type of appearance have been described in 
several reports,???? but the possible clinical 
implications have never been described. 


PARAGLENOIDAL SULCUS 


Lateral to the sacroiliac joint of the 
pelvis may exist a defect in the bony con- 
tour called the paraglenoidal sulcus’ (Fig. 
24). This groove surrounds the superior 
branch of the gluteal artery and provides 
for the insertion of deeper strands of the 
sacroiliac ligament. The incidence of this 
minor defect in bone ossification is un- 
known. It may simulate a destructive 
lesion of bone. 


DISCUSSION 


“Variability,” stated Ryle,” “is one of 
the most distinctive and necessary attri- 
butes of life." It behooves the roentgenolo- 
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Fic. 24. Paraglenoidal Sulcus. Depressions in the 
cortical margins of the roof of the true pelvis are 
seen in the regions lateral to the sacroiliac joints, 


gist to recognize these variabilities since his 
awareness of them may prevent a patient 
from receiving treatment for a normal find- 
ing which simulates a lesion. 

Some of the foramina and pseudoforam- 
ina discussed may be well known to some. 
However, several of the entities, including 
the sternal foramen and the inferior sacral 
notch, to the best of the author's knowl- 
edge, have never before been mentioned in 
the literature. The particular case in Figure 
22, d and B was originally diagnosed as a 
sacral tumor before the actual anatomy and 
normal variations of the sacral region were 
fully realized. 

It should be emphasized that no attempt 
has been made to review all bony foramina 
and pseudoforamina. Caffey? lists numerous 
nutrient vessels occurring in many different 
bones, and anatomy texts will reveal many 
others. The radiologist should always be 
cognizant of the occurrence of these entities 
when he is confronted with a radiolucency 
of bone. 


SUMMARY 


Various foramina, pseudoforamina, and 
developmental defects of bone are dis- 
cussed and illustrated. Several, including 
the sternal foramen and the inferior sacral 
notch, are reported for the first time in the 
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medical literature. These findings are varia- 
tions of normal; their clinical importance 
hes in their differentiation from osteolytic 
bone lesions. 
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ARGE, endothelium-lined spaces and 
channels have been found at autopsy in 
patients dying of various diseases with dif- 
ferent clinical manifestations. The patholo- 
gist is apt to designate this condition as 
lymphangiectasis or hemangiectasis, de- 
pending upon whether the spaces grossly 
contain lymph fluid or blood. The radiolo- 
gist cannot differentiate on his roentgeno- 
grams between lymph and blood collections 
but from the gross distribution of the le- 
sions he is ไท a position to advise regarding 
the extent and prognosis of the disorder. 

In some instances the profuseness of the 
endothelial tissue on histologic examination 
leads the pathologist to a diagnosis of 
lymphangiomatosis or hemangiomatosis; 
however, evidence that the tissues are the 
result of tumor growth is scanty. The pro- 
liferation of endothelial cells seems rather 
to be a response to mechanical stress, and 
the architecture is similar to that which 
results from tving off a lymph duct. While 
there are varying descriptions of the micro- 
scopic picture from different authors, none 
has found evidence of rapid proliferation 
of the tissues or of metastatic tendencies. 

In the presence of such varied anatomic 
involvement, the radiologist must be pre- 
pared to see abnormalities ranging from 
minute or insidious to gross or overwhelm- 
ing. In general, the roentgenographic find- 
ings in published accounts fall into three 
categories: pulmonary, osseous, and diffuse 
or multiple-system. The three types are re- 
lated by their histologic similarity; they 
may be entirely separate entities from an 
etiologic standpoint. Certainly their clin- 
ical courses differ markedly. 

To call attention to the three tvpes of 
the disease process, a brief description and 
an illustrative case of each are presented. 


PULMONARY LYMPHANGIECTASIS 


Congenital cystic disease of the lungs 
usually is related to abnormal development 
of the bronchi. A number of cases have been 
described, however, where the histologic 
structure indicated an anomaly of lym- 
phatic origin. Frank and Piper? in 1959 
collected 21 such cases in the literature dat- 
ing back to Virchow?! in 1356, and added 2 
others. Carter and Vaughn,* more recently, 
have reported 1 more. It ts indicated in 
the published reports that the congenital 
defect 1s found onlv in fetuses and new- 
born infants. Carter and Vaughn conclude 
that "the roentgenographic findings in 
congenital lvmphangiectasis of fine granu- 
lar densities distributed throughout the 
lungs simulate those of hvaline membrane 
disease and fetal atelectasis.” Frank and 
Piper state "It 1s apparent from a review 
of all cases that this entity, no matter by 
what name it 1s called, must be included 
with other disease processes responsible for 
neonatal cvanosis and, unfortunatelv, can 
be positively identified only by means of 
autopsy.” 

We have had a similar experience with 
cystic Ivmphatic disease in the perinatal 
period; however, we should like to suggest 
that the pulmonary condition may be 
neither so confined as to age incidence, nor 
necessarily so fatal, because of our experi- 
ence with an older patient. 

Laurence!’ has pointed out that in over 
half of the autopsies performed on cases of 
congenital pulmonary lymphangiectasis 
there are encountered other major congeni- 
tal abnormalities as well. Giammalvo's? 
case showed, เท addition to congenital 
pulmonary cystic disease of lymphatic 
origin with extensive atelectasis and de- 
velopmental retardation of the lung, a 


* From the Departments of Radiology, Western Reserve University, and University Hospitals of Cleveland, Cleveland, Ohio. 
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congenital heart lesion characterized by 
atresia of the aortic valve, hvpoplasia of 
the ascending aorta, a diminutive left 
ventricle, sclerosis of the mitral valve with 
mitral stenosis, dilatation and hypertrophy 
of the left auricle, and hypertrophy of the 
right ventricle. 

Our patient also manifested a congenital 
heart lesion, but of an entirely different 
nature. 


ILLUSTRATIVE CASE 


Case r. A boy of 33 years of age who had been 
known to have a congenital heart detect since 
birth was studied at Babies and Children’s 
Hospital because of periods of cyanosis and an 
episode of loss of consciousness. 

He had weighed 6 lb. at birth, which occurred 
after a 36 week gestation; otherwise, the ante- 
natal historv was normal. From birth he had 
been observed to have a large head, but his 
mental development had been considered to be 
normal. During his first vear of life he was noted 
to be bluish, particularly in a circumoral dis- 
tribution, but since then cyanosis occurred only 
after he exerted himself. 

The child was well developed and well nour- 
ished. His height measured at the fifteenth 
percentile, his weight in the sixtieth. The pre- 
cordium was prominent, particularly on the 
left. A systolic thrill was felt to the left of the 
sternum in the third intercostal space, where 
there also was a Grade 3 harsh systolic murmur. 
P, was present but soft. 

The electrocardiogram showed a marked 
right axis deviation and a sinus arrhythmia. At 





Fic. 1, Case 1. Preoperative roentgenogram of 
chest at the age of 3 vears, 11 months. 
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Fic. 2. Case t. Chest roentgenogram with the mobile 
unit 4 hours postoperatively. Lung markings 
are more pronounced than in Figure 1. Elevation 
of the base of the left lung was due to a pleural 
collection of blood. 


heart catheterization very high pressures were 
encountered in the right ventricle, ranging from 
100 to 130 mm. of mercury, systolic. Pulmonary 
artery pressures were normal, 18 to 25 mm. sys- 
tolic. 

Although roentgenograms showed increased 
rather than diminished pulmonary markings 
(Fig. 1), the other findings pointed to marked 
pulmonary stenosis. An open-heart operation 
was carried out just before the boy reached 4 
years of age and confirmed the diagnosis. The 
pulmonary valvular ring was very small, and 
the pulmonary artery distal to the valve was 
also of small caliber. The valve itself showed 
fusion of all three commissures so that the open- 
ing was a mere hole in a diaphragm. Valvulot- 
omy was carried out and as a result the pressure 
in the right ventricle dropped from 120 to 60 
mm. of mercury. 

Postoperatively, the pulse rate rose until it 
reached 180. Four hours after the completion of 
the operation the patient developed acute 
respiratory distress. Bag-and-mask breathing 
was instituted, but the patient's heart stopped. 
A roentgenogram made with the mobile unit 
showed a fluid accumulation of blood at the 
base of the left lung (Fig. 2). The surgeon re- 
opened the chest and by cardiac massage, de- 
fibrillation, and multiple medications over a 
period of 1 hour and 1$ minutes restored the 
heart beat. The respiratory and central nervous 


1 106 


systems continued to function poorly, however, 
and 11 hours after the operation the patient was 
pronounced dead. 

At autopsy no disruption was found at the 
operative sites. Small hemothoraces were pres- 
ent, so cc. on the left, 100 cc. on the right. The 
heart was large, weighing 150 gm., with right 
ventricular hypertrophy. The pulmonic ring 
measured 4.0 cm. in circumference, the valve 
margins 3.0 cm. The lungs were unusually firm 
and heavy and showed increased amounts of 
fibrous tissue around the pulmonary vessels and 
bronchi. Microscopically, there was an increase 
in the interlobular and peribronchial connective 
tissue, and there were numerous irregular 
spaces resembling lymphatic channels within 
the connective tissue (Fig. 3). The pathologic 
diagnosis was interstitial pulmonary lympnan- 
giomatosis and fibrosis in a postoperative pa- 
tient with pulmonary stenosis. 


Comment. The pulmonary lesion ap- 
peared histologically indistinguishable from 
that found at autopsy in the perinatal 
respiratory distress patients who were 
found to have cystic endothelium-lined 
spaces. How much this defect contributed 
to the patient’s symptomatology is debat- 
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able in view of the severe pulmonary arte- 
rial constriction which was found at surgery. 
Nevertheless, the boy’s physical activity 
and growth had not been notably limited. 





OSSEOUS LYMPHANGIECTASIS 


Involvement of the skeleton by tumors 
of endothelial origin sometimes leads to 
widespread or bizarre degrees of osteolysis. 
Inasmuch as the histologic nature of the 
tissues 1s similar whether the involved 
channels belong to the lymphatic or the 
vascular system, there may be differences 
of opinion as to whether the lesions should 
be classified as lymphangiomas!2!" or 
hemangiomas.? Some reported cases have 
not been thoroughlv studied, or not ade- 
quately explained after dissection, and have 
consequentlv been described under such 
titles as massive osteolvsis, ^ 151929 essen. 
tial osteolvsis? acute spontaneous absorp- 
tion of bone,? phantom bone,’ vanishing 
bone," and disappearing bone.) The 
eponym Gorham’s disease has been ap- 
plied because Gorham was the senior au- 
thor in the compilation of the largest series 





Fic, 3. Case 1. Histologic section of lung from autepsy (X 30). Heavy, irregular bands of fibrous tissue are dis- 
tributed through the otherwise rather normal pulmonary parenchyma. At the bottom of the section are a 
number of open spaces which are lined with endothelial cells, 
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from the literature (22 cases) and the per- 
sonal examiner, with Stout, of tissues from 
8 cases, 

The nature of the disorder is such as to 
render it พ ก diagnosable by roentgen- 
ographic examination. The earliest re- 
corded case, nevertheless, antedates the 
discovery of the roentgen ray by many 
vears. The first diagnosis made in life is 
attributed to Jackson in two reports.?? His 
patient was known to live with the afic- 
tion for 52 vears. Excerpts from the two 
reports, 34 Years apart, provide the follow- 
ing case history. 


ILLUSTRATIVE CASE 


Case u. "Mr. Brown, a worthy and indus. 
trious provision dealer in Derne Street, now 
thirty-six vears of age, in his eighteenth year 
had the misfortune to have the right humerus 
fractured nearly in the middle. He was holding, 
under disadvantages, an enraged cow bv the 
horns; in some unexpected movement of the 
unruly animal, both fell, and the bone of his 
right arm was broken in the fall? 

"Subsequently, and before he had recovered 
entirely, he broke his arm, at the same point, a 
second time, while holding a plough in the field. 


A short time afterward, he slipped on the floor 


from snow on his feet, un fractured the bone a 
third time, The last accident was not more than 
two months from the occurrence of the frst. 
Notwithstanding a most vigilant and untir- 
ing devotion to the injured limb, the divided 
extremities would not adhere; and, to the sur- 
prise of the medical attendant, 
each part of the divided bone began to diminish 
in size, and shorten in length.? 





“There was never any tendency to a union of 


the broken bone, but the humerus began slowly 


and painlesslv to disappear, small fragments of 


it breaking off, without accompanying inflam- 
mation of the soft parts, or any fistulous or 
suppurating sore, or orifice. The skin of the arm 
was never broken, and no piece of bone or part 
of the humerus was ever taken away, or came 
out unassisted. . . . The process of abso ption 
covered a period of twelve years, at the end of 
which time the limb had attained ล condition in 
which it permanently remained until the day 
of his death, at the age of 70 vears. This occurred 
at the Boston Lunatic Hospital, on February 
rith, 1871, and was caused by double pneu. 
เท อ ต เละ Ga." 
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Fic. 4. Case 1. Two studies of the 
from the Warren Museum of Anatomy. 
regular strand of bone is all that remains of the 


humerus, although the muscles of the arm remain 
intact. An artefact caused by a scratch crosses the 
lower reproduction. The proximal ends of the 
radius and ulna are also noted to have been ir- 
regularly absorbed. (Reproduced by courtesy of 


Dr. J. B. Dealy, Jr.) 


"The changes which sometimes take place in 
the articulating extremities of bones in certain 
cases of locomotor ataxia are, perhaps, to be re- 
membered in this connection, though nothing 
suggestive of that, or some similar disease, so 
far as Mr. B.’s general health was concerned, 
was ever noticed, beyond a disturbance of the 
nervous centres, leading to an insanity of the 
form termed Chronic Circular Mania... 2” B 


Comment. This patient was persuaded to 
offer his arm to be studied after his death, 
and it was carefully dissected by Prof. 
Thomas Dwight of Harvard Medical School 
and preserved in the Warren Museum in 
Boston. Many vears later it was roentgeno- 
graphed by Dr. M. C. Sosman. The roent- 
genogram of the specimen is preserved in 
the teaching file of the Peter Bent Brig- 
ham Hospital, and is herewith reproduced 
by courtesy of Dr. J. B. Dealy, Jr. (Fig. 4). 


DIFFUSE LYMPHANGIECTASIS 


Involvement of /ungs bv angiomatosis 
appears to be a fatal process although one 
of our patients lived without specific sy mp- 
toms for 4 vears and might have survived 
considerably longer if he had not been 
operated upon for a severe accompanying 
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Involvement of 
seems to be compatible 
instances with little 


congenital heart lesion. 
the skeleton alone 
with long life, in some 
disability. 

When the patient has involvement of 
both the lungs and bones (and perhaps other 
tissues also), the course seems to be inevi- 
tably progressive to death. Autopsy studies 
have shown angiomatous involvement of 
most of the viscera and chylous effusions in 


the body ee The effusions have in 
several instances been the es senting con- 
dition which p led to the establishment 
of a diagnosis. The nature d the fluid 
withdrawn by paracentesis varies from 


serosanguineous to EU อ Sev- 
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Fic. 6. Case iri, Chest roentgenograms of pa- 
tient at Cf) 5 months, (B) 2 years, 10 
months, and (C) 4 vears of age. 





eral reports have mentioned progressive 
destruction of the bones over a period of 
time. Sometimes, biopsv of the involved 
bones was carried out, without arriving at 
a definitive diagnosis Th most instances of 
disseminated disease, the principal osseous 
involvement was in the bones of the thorax 
and shoulder ย 1 irdle, This was true also in 
our patient. 
ILLUSTRATIVE CASE 


Case 111. A white male was first admitted at 
16 days of age because of congenital detects 
which included harelip and cleft palate, exo- 
tropia, umbilical hernia, and hypospadias. Dur- 
subsequent admissions for repair 


ing numerous 
of these defects, chest roentgenograms were ob- 
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Fic. 6. Case 1. (4) Roentgenogram made 


tained which showed a progressive prominence 
of diffuse markings in the lung fields and a 
gradual widening of the mediastinum (Fig. 5, 
A-C). At 4 years of age he presented with a 
left pleural fluid collection (Fig. 6, 4 and B). 
The fluid withdrawn by thoracentesis was the 
color and consistency of tomato soup. The 
white blood cell count was 8,000 per cu. mm., 
and the red blood cell count was 1,000,000 per 
cu. mm. Total protein was $5.7 gm. per cent 
and total lipid 1.9 gm. per cent. Cultures and 
cell blocks were negative for organisms and 
tumor cells. A mottled destructive process, 
which suggested malignant tumor, was seen in 
the scapulas and in the first two right ribs, but 
the boy was without pain or signs of toxicity. 
His family noticed, however, a bluish swelling 
across his shoulders and back, “like a spare 
tire," when he became cold while swimming. 

A biopsy of the spine of the right scapula was 
carried out June 22, 1957. The histologic exam- 


ination showed no remarkable abnormality of 


bone architecture except in one particular. 
Between the spicules of bone there were 
masses of fibroadipose tissue which in several 
sites contained large, empty cystic spaces lined 
bv a fine rim of fibrous tissue. The significance 
of these cystic spaces was not apparent and 
no frank evidence of a neoplastic process was 
found. 
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2 weeks after Figure $C showing an increased amount of left 
pleural efusion. The pleural fluid rapidly increased to the extent shown in 5, made 18 days after . 


Physical examination revealed a fullness of 
the suprasternal notch. This was aspirated, but 
no diagnosis could be made from the tissue ob- 
tained by this needle puncture. A thoracotomy 
was performed on June 28, which revealed a 
diffuselv infiltrating dark reddish tumor of the 
mediastinum. The pathologic diagnosis was 
lymphangioma. 

Radiation therapy was directed to the me- 
diastinum, 2,100 r from a 220 kv. machine in 
26 days, but apparently had no effect in slowing 
the formation of the chylothorax, and thora- 
centeses were required about once a week. 

On August 23, 1957, another thoracotomy 
was performed and the thoracic tumor was 
largely removed. The pathologist described the 
tumor as being composed of irregular endothe- 
lial-lined spaces of variable size, with lymphoid 
aggregates and numerous small interspersed 
accumulations of inflammatory cells (mainly 
plasma cells). Again, a diagnosis of lymphan- 
gioma was made. Following this operation there 
was no recurrence of the chylothorax. The 
patient felt very well. 

Toward the end of 1957, he commenced to 
have fever and severe headaches. Roentgeno- 
grams showed progressive destruction of the 
bones at the shoulder girdle and in the neck 
(Fig. 7). The skull also showed “bubbly” de- 
fects in the occipital bone (Fig. 8, 4-D). Be- 


IIIO 


cause there was so much loss of bone from the 
cervical spine that the patient was considered 
| be in danger of vertebral collapse which 
ee damage his spinal cord, a cervical verte- 
bral fusion was attempted june 25, 1958. When 
the immobilizing cast was removed io weeks 
later, the cervical defects were even more con- 
spicuous than preoperatively, and the poste- 
rior graft had not fused (lig. 9 and 10). Two 
days after the cast was removed, the patient 
quietly expired. 
Autopsy was limited to the thorax and showed 
extensive involvement by abnormal endothelial 
cystic tissue of the pleurae, mediastinum (Fig. 


I1), pertaortic lymph nodes cervical and 
thoracic vertebrae, and scapulae. The heart re- 


vealed a subacute interstitial myocarditis. There 
was an organizing fibrinous pleuritis and peri- 
carditis. The terminal event appeared to be 
the result of bilateral bronchopneumonia. 


Comment. The clinical course in this pa- 


tient was much like that in the patient of 
Cohen and Craig.’ Thev pointed out that 
bone biopsies were difficult to evaluate be- 
sause the friable nature of the 
removal of only 


lesion. per- 


mitted the small frag- 
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sub- 
but without 


ments. In addition, 
jected to 


our patient was 
radiation therapy, 


success in controlling the formation of 
chylothorax 
DISCUSSION 


Angiomatosis is the term recently used 
by Koblenzer and Bukowski? to describe 
the disease, thereby avoiding the issue as 
to whether the condition is essentially a 
hemangiomatosis or a lymphan giomatosis. 

"Hamartomatous hem-lvmphangiomatosis” 
is their all-inclusive subtitle. The ey feel that 
the disease is essentially an abnormality of 
the lymphatic system in which extensive 
venolymphatic communications occur. The 
main features in their description of the 
process are the osteolytic lesions, viscero- 
megalv, cutaneous hemangiomas or lymph- 
angiomas, and massive effusions into any 
body cavity (the fluid. being chvlous, 
sanguineous, or mixed). 


SUMMARY 


The clinical course of a disease causing 
widespread proliteration of the endothelial 





Ite. 7. Case iu. The cervical spine at 43 ve 


ars showed a severe 


“moth-eaten” destruction, A 


vesicular appearance also is visible in the occipital bone of the skull. 





No. $ Lymphangiectasis จ 








lic. N Skull at 16 days, (B and C) 4 years, and (D) 43 vears of age. B and C show prominent 
diploic bulges in the occipital bone (arrows in Cy In D the occae diploic space has enlarged and become 
continuous so that it separates the inner and outer tables. 











tissues and dilatation of their channels over a period of vears a condition which 
‘aries markedly, but usually falls into one spreads in one or multiple bones but w uch 
of three categories. A case is reported to in many instances seems self-limited. “ 
illustrate each category ive osteolysis” seems to best describe the 
Lymph: ingiectasis limited to the pulmo- process, whether it be of lymphatic or 
nary tissues is a serious defect which hereto- vascular origin. The presented case of 
fore has been described only in fetuses and osseous Ivmphangiectasis is the earliest one 
newborn infants. That there mav be milder reported in the literature, and Figure 4, 
forms of the anomaly and that they may be showing the patient's arm, js published for 

associated with congenital heart disease 1s the first time. 
our report and by Giam- 1 he diffuse or multiple-svstem torm of 
fatal but mav run 
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the disorder ts invariably fata 
Lymphangiectasis confined to the osseous a Pd onged and ins deus course before the 


svstem has been RM As with the 
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as producing diagnosis becomes evident. 








1112 Arthur S. Tucker Mav, 1964 





to 





Fic. 9. Case rir. Cervical spine ks after unsuccessful attempt at posterior fusion, Arrows point to un- 


fused Ss The first ribs are so much resorbed as to be almost unidentifiable. The mottled nature of 


the bone destruction is best visualized in the right second rib. 





other forms of lymph- or hemangiectasis, 
there appears to be no neoplastic com- 
ponent, but rather a hamartomatous condi- 
tion which advances inexorably in a me- 


chanical progression involving multiple 


จ น น ต ฑ์ 


body tissues, but especially those of the 
upper trunk. 


University Hospitals 
205 Adelbert Road 
Cleveland 6, Ohio 


The author wishes to express his apprecia- 
tion to Dr. Robert P. Bolande for assistance 
with the histologic figures and descriptions. 
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HE term, cystic angiomatosis of the 

skeletal system, was suggested by 
Jacobs and Kimmelstiel? in 1953, to de- 
scribe a condition characterized by multiple 
cystic lesions in the skeleton, considered by 
them to be due to numerous scattered 
hemangiohamartomata. More recently, 
Gramiak, Ruiz and Campeti? have used 


the same designation in describing what 
they consider to be a rare form of gen- 


eralized hemangiomatosis which produces 
cystic changes in bones. We have recently 
seen a patient with bone changes identical 
to those described and illustrated by the 
above authors. A correct roentgen diag- 
nosis was made prior to biopsy. A review 
of 10 similar cases of osseous angiomatosis 
previously reported in the English lan- 
guage literature, however, suggests rather 
strongly that the condition currently desig- 
nated cystic angiomatosis of bone is, in- 
deed, only one expression of a oiet 
disease entity, the pathologic common de- 
nominator of which is a hamartomatous 
cvstic vascular malformation. The follow- 
ing case is reported in order to illustrate 
the characteristic osseous roentgen features 
and to present what we consider to be a 
relatively benign form of a disease entity 


which may be manifested in all grades of 


severitv including some which are lethal to 
the patient. 


REPORT OF A CASE 


A 14 year old Puerto Rican boy was ad. 
mitted to the hospital because of malaise and 
fever of 1 week's duration. Three days prior to 
admission he developed a nonproductive cough, 
had several episodes of vomiting and com. 
plained of generalized muscle pains. On admis. 
sion the temperature was 102? F., the pulse 82, 
and the respirations 40. Fine crepitant rales 
were heard at the bases of the lungs. The phys- 


ical examination was otherwise entirely nega- 
tive. Neither the spleen nor liver were palpable. 
The hemoglobin was 13.9 gm./too ml. The 
white blood cell count was 10,250, with 76 per 
cent neutrophils, 16 per cent lymphocytes, 4 
per cent monocytes and 4 per cent eosinophils. 
The erythrocyte sedimentation rate was 73 
mm. in 1 hour. A clinical diagnosis of broncho- 
pneumonia was made and the patient was sent 
to the department of radiology for a roentgen 
examination of the chest. This examination 
0 to any CE DEI 
were od in the left ง and n ribs 
and in the right seventh rib (Fig. 1). At the sites 
of involvement the bone was expanded and the 
cortices were thinned. A roentgen skeletal sur- 
vey was suggested for further evaluation of the 
osseous abnormalities. After recovery from the 
respiratory infection, a bone survey showed 
multiple cyst-like areas of bone destruction in- 
volving the pelvis, skull, right scapula, both 
clavicles, the femora, the spine and the prox- 
imal phalanx of the left big toe (Fig. 2, 3 and 
4). Laboratory tests made at this time yielded 
no clues to the nature of the bone lesions and, 
although Schüller-Christian disease and polvo- 
stotic fibrous dvsplasia were considered in the 
roentgen differential diagnosis, it was suggested 
that the most likely diagnosis was cystic angio- 
matosis of bone. An attempt at needle aspira- 
po S an diac lesion was 0 and an 


Jon. R lor einer study (Big g. Pi 
When the affected portion of this rib was ex- 
posed before resection, 1t showed a bluish dis- 
coloration with expansion of the bone contour 
and marked thinning of the cortex. A 3 inch 
section was resected. This was examined patho- 
logically and was reported as showing cystic 
hemangioma. 


Comment. There are อ reports in the 
English language medical literature describ- 
ing a total of 1 ๐ cases in which angiomatosis 
has involved bone in such a wav as to pro- 


* From the Departments of Radiology and Pediatrics, The Mount Sinai Hospital, New York, New York, 
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duce multiple cvstic areas of destruction. 
In most of these cases, in addition to the 
bone changes, there have been lesions of a 
similar. histopathologic nature. involving 
various visceral organs and other soft parts 
(Table 1). Although the spleen, pleura and 
skin have been the most frequently in- 
volved soft tissues, involvement of the 
lungs, liver, kidnevs, pericardium, thymus 
and retroperitoneal tissues has also been 
reported. In 1 case there was an associated 
congenital lymphangioma of the forearm 
and in another there were lymphangiomata 
of the neck and axilla. 


PATHOLOGY 


Although interpretation of the pathology 
tound in the reported cases has varied, the 
pathologic descriptions have shown a re- 
markable similarity. The basic pathology, 
both in soft tissues and in bone, has con- 





Fic. 1. There are multilocular cyst-like areas in the 
posterior portion of the left fourth rib Gipper left 
arrow). The lesions are medullary and have ex- 
panded the bone and thinned the regional cortices 
by erosion of their inner aspects. There are mul- 
tiple cyst-like areas in the left seventh rib in the 
axillary line (lower left arrow). Some sclerosis of 
the rib adjacent to the cysts suggests that there 
has been a previous fracture. A similar area of 
destruction may be noted in the right seventh rib 
posteriorly (right arrow). There are several small 
cystic lesions in the medial thirds of both clavicles. 
Most of these have peripheral rings of increased 
density but are difficult to delineate because of 
their small size and overlapping of bone and Jung 
shadows. 
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Fic. 2. There are multiple cyst-like areas of bone 
destruction in the iliac, pubic and ischial bones 
bilaterally. Similar lesions are scattered through- 
out the upper ends of the femora, including the 
right capital epiphysis. There are also lesions in 
the sacrum and a large one can be seen in the right 
transverse process of the fifth lumbar vertebra. 
Most of the lesions are sharply marginated and 
the majority of them have peripheral rings of in- 
creased density. There are poorly marginated 
lesions noted, however, in the neck and inter- 
trochanteric region of the left femur. There is little 
or no trabeculation of the defects and a lesion in 
the left pubis appears to be cortical in origin. No 
reactive osteosis 1s noted adjacent to the areas of 
destruction. (Courtesy of Grune and Stratton, Inc., 
New York and London.) 


sisted of cystic structures lined bv a single 
laver of endothelium. In affected portions 
of bone, the marrow has been replaced bv 
dilated extremely thin-walled cysts. AL 
though in some instances the cysts were 
solitary, in most cases they have been mul- 
tilocular and often communicating. These 
structures have been generally considered 
to represent dilated vascular spaces. The 
agreement has ended there, however, since 
various authors have described them as 
hemangiomata, lymphangiomata, lymph- 
angiectasis, hemangiohamartomata and 
hamartomatous hem-lymphangiomatosis. 
Some of the cystic spaces have contained 
blood while others have contained a clear 
fluid. Cohen and Craig! in order to call at- 
tention to the difficulties involved in 
classification used the designation multiple 
lymphangiectasis of bone. So little is known 
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Fic. 3. There are multiple small areas of osteolysis 
in the frontal and panetal bones of the skull. 
Some of these are well marginated with or without 


poorly circumscribed. One area (arrow) shows a 
honeycomb pattern much like that characteristi- 
cally seen with hemangioma of the skull. There is 
erosion of the outer table in the region of the ver- 
tex. No areas of reactive osteosis are noted. 


about the anatomy of lymph vessels in 
bone, however, that one approaches the 
diagnosis of Iymphangioma or Ivmphan- 
giectasis of bone with some caution. Willis" 
has emphasized the fact that hemangio- 
mata and lymphangiomata need not exist 
as distinct malformations but may occur 





Fic. 4. Lesions in the distal femoral shafts are 
elliptical with long axes parallel to the long axis of 
the shaft. They are sharply circumscribed with 
peripheral rings of increased density. At the lower 
end of the left femur, the lesion has partially eroded 
the adjacent cortex. Both lesions are eccentric. 
There is no reactive bone sclerosis. 
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together. He places angiomata in the cate- 
gory of hamartomata which he has de- 
scribed as “tumor-like but primarily non- 
neoplastic malformations or inborn errors 
of tissue development, characterized by 
faulty mixture of tissues indigenous to the 
part with excess of one or more of these." 
It seems reasonable to consider these gen- 
eralized vascular dilatations, whether he- 
mangiomatous, lymphangiomatous or both 
as hamartomatous vascular malformations 
of a cystic nature. Clinical manifestations 
depend on the sites of involvement, the ex- 
tent of dissemination and whether heman- 
giomatous or lymphangiomatous elements 
predominate. Koblenzer and Bukowski,? to 
avold debate, have referred to this entitv 
as hamartomatous hem-Iy mphangiomato- 
CLINICAL FEATURES 

When hamartomatous cvstic vascular 
maltormations are widespread and involve 
vital organs, the prognosis 1s poor. Parsons 
and Ebbs,® for instance, have reported the 
fatal case of a 14 vear old girl in whom the 
liver, spleen, lungs, pleura, kidnevs and 


E 


skeleton were dithusely involved. Shennon,” 
kowski® have also reported patients with 
diffuse visceral involvement who did not 
survive. When the lesions are predomi- 
nantly osseous with little or no visceral in- 





Fic. s. Roentgenogram of resected rib shows clear 
cystic areas of destruction without trabeculation. 
The bone contour is expanded and the cortices are 
thinned. 
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volvement, however, the prognosis is good. 
Ritchie and Zeier!? have described a 21 
year old boy with osseous and splenic in- 
volvement. The patient was seen primarily 
because of multiple fractures through in- 
volved areas of bone. This patient has been 
observed for 3 years following splenectomy 
and has maintained a state of good general 
health but during the period of observation 
has sustained 3 additional pathologic frac- 
tures. Harris and Prandoni? have described 
a 20 vear old soldier with generalized skele- 
tal involvement who also had a congenital 
lymphangioma of the forearm and brown- 
ish skin discolorations which were present 
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since birth. His clinical complaints were 
limited to lymphedema of the affected fore- 
arm. Jacobs and Kimmelstiel> have re- 
ported 2 cases, in one of which generalized 
bone lesions were associated with lymphan- 
giomata of the neck and axilla. In this in- 
stance the patient was seen because of the 
soft tissue masses. The bone lesions were 
discovered accidentally when routine roent- 
genographic examination of the chest re- 
vealed multiple cvst-like lesions in the ribs. 
In their other case only the skeleton was 
involved and the patient was seen because 
of recurrent fractures. Gramiak ef al? and 
Schopfner and Allen" have also reported 
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patients in whom lesions were confined to 
the skeleton. In both instances there was a 
history of fractures. In the case described 
by Schopfner and Allen, the bone defects 
were found incidentallv on a chest roent- 
genogram made because of a clinical im- 
pression of pneumonia. 

In the case reported in this paper the 
process is limited to the skeleton and is 
entirely symptomless. The lesions were dis- 
covered fortuitously on a roentgen exami- 
nation of the chest made to confirm a clini- 
cal impression of pneumonia. 


ROENTGEN FINDINGS 


The roentgen bone changes in this condi- 
tion are striking. Usually, they are so char- 
acteristic that a correct diagnosis can be 
made on the basis of the roentgen appear- 
ance alone. In all cases multiple bones have 
been attected. In every instance the skull, 
pelvis, ribs and femora have been involved. 
Involvement of one or both humeri has 
been demonstrated in 9 of the 11 cases and 
the scapula has been affected in 7. Slightly 
less often, the vertebrae and tibiae have 
been the sites of demonstrable lesions. More 
infrequently, lesions may be noted in the 
other long bones, the clavicles and sternum. 
In only 1 case have the short tubular bones 
of the hands or feet been mentioned as be- 
ing involved but 1n most reports there 1s no 
indication that these parts were examined 
roentgenographicallv. It will be noted that 
in the current case there was a small cystic 
lesion in the proximal phalanx of the left 
big toe. 

The similarity in roentgen appearance of 
the skeletal changes in all cases is striking 
and the pattern of bone change provides a 
strong basis for specific roentgenologic 
diagnosis. 

The basic roentgen feature 1s that of 
multiple cvst-like areas of bone destruc- 
tion. These usually show a peripheral ring 
of increased density. Some of them, how- 
ever, may be sharply marginated but with- 
out a dense periphery and, occasionally, 
there may be little or no margination, the 
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lesion gradually blending with the sur- 
rounding normal bone (Fig. 2 and 3). A 
peripheral ring of density 1s more charac- 
teristic of the lesions, however, and most of 
them will show this type of margination. 
Lesions tend to involve the medullary por- 
tion of the long bones and may be centrally 
or eccentrically situated but occasionally a 
cystic lesion may be cortical in origin (Fig. 
2). Frequently, shaft lesions tend to be 
oval 1 ท shape, their long axis running 
parallel to the long axis of the bone within 
which thev are located but some of them 
may be round or, rarely, irregular in shape 
(lig. 4). The expanded cysts tend to thin 
the overlying cortex, sometimes to a con- 
siderable degree (Fig. 1, 4 and 5). While 
characteristically the area of destruction is 


uniform, an occasional lesion may show 


fine trabeculation and in rarer instances 
there may actually be a soap-bubble or 
honeycomb pattern (Fig. 3). Significant 
reactive osteosis adjacent to a lesion is un- 
usual and periosteal reaction has not been 
noted. Where there has been a pathologic 
fracture, however, there may be some peri- 
osteal new bone formation or some residual 
osteosclerosis (Fig. 1). The epiphvses, 
metaphyses and shafts may be sites of 1n- 
volvement. In the ribs the cystic areas 
show a strong tendency to expand the bone, 
thinning the adjacent cortices and some- 
times causing pathologic fractures. In the 
vertebrae and skull, lesions tend to be 
round and cvstic without the vertical stria- 
tions or peculiar honevcomb appearance 
usually seen in. hemangiomata of these 
bones. 

In several instances where patients have 
been observed over a period of time new 
lesions have been noted to develop and 
some lesions have been seen to enlarge.!? 


DISCUSSION 


It can be seen from the ages listed in 
Table 1 that the age distribution in re- 
ported cases has ranged between 25 and 23 
years. These figures represent the ages of 
the patients when thev were first seen by 
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the authors 
the histories, however, clearly indicates 
that, in most cases, there were clinical 
manifestations of the condition at much 
earlier ages. It appears, therefore, that the 
onset of this condition usually occurs some- 
time in childhood. That it is not present at 
birth need cause no surprise since, accord- 
ing to Willis," hamartomata, more than 
any other class of malformation, show the 
phenomenon of delayed appearance. Analo- 
gous to this is the late appearance of mani- 
festations of some inborn errors of metabo- 
lism. The fact that in some cases the lesions 
have been observed to increase in size is 
more likely due to canalization and disten- 
tion of already existing malformations bv 
blood or lymph than to actual proliterative 
growth. 

In all of the cases reviewed in this paper, 
the skeleton was involved by multicentric 
cystic areas of destruction, but it is possible 
that within this disease entitv there may be 
instances in which only the soft parts are 
involved and the skeleton is unaffected. 
Miller e a/.,’ for instance, have described a 
fatal case of chylopericardium associated 
with an extensive hamartoma of the intra- 
thoracic lymphatic channels without osse- 
ous lesions, and Hecht and Korb have re- 
ported a 6 month old infant with diffuse 
lymph-hemangiomatosis of the skin, skele- 
tal muscle, intestine, diaphragm, bladder, 
kidnev and soft tissues of the neck. The pa- 
tient also had a chylous ascites, but there 

was no bone involvement. 

It is our feeling that when the bones are 
involved the appearance of the osseous 
roentgen changes are sufficiently charac- 
teristic to suggest the diagnosis, and when 
perplexing soft tissue manifestations are 
also present the roentgenographic features 
demonstrable in the bones may suggest the 
nature of the visceral abnormalities. 


The literature abounds with reports of 


angiomatosis of one kind or another. The 
term has been used to include telangiecta- 
sia, hamartoma and actual neoplasia. It is 
possible, however, to separate the cases 
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listed in Table 1 from this large heterogene- 
ous group. Such cases all show multicentric 
cvstic foci of bone destruction and similar 
histopathologic findings. 

Of interest and practical importance 1s 
the fact that in almost all cases biopsies of 
bones other than ribs have been inconclu- 
sive. This is probably related to the ease 
with which an adequate section of involved 
bone may be obtained from a rib and the 
difficulty experienced in obtaining such a 
section from other bones. It is considered, 
therefore, that excision of an affected por- 
tion of rib is the procedure of choice in es- 
tablishing a pathologic diagnosis. Blood 
chemistries and other laboratory proce- 
dures vield no clues to the nature of the 
condition and the great value of a correct 
interpretation of the roentgen skeletal 
changes is apparent. 


DIFFERENTIAL DIAGNOSIS 


The conditions most apt to be considered 
in the differential diagnosis of cvstic angio- 
matosis of bone are histiocytosis X, polyo- 
stotic fibrous dysplasia and hyperpara- 
thyroidism. The osseous defects in histiocy- 
tosis X tend to have a distribution similar 
to those of angiomatosis but the early 
lesions, although well circumscribed, usu- 
ually do not have a peripheral ring of in- 
creased density and healing or treated 
lesions are usually associated with some 
degree of reactive osteosclerosis.® Periosteal 
reaction is not uncommon in histiocytosis 
X but has not been observed in cystic an- 
giomatosis. When cystic angiomatosis in- 
volves the liver and spleen, there may be a 
clinical resemblance between the two con- 
ditions requiring more detailed analysis. 
The so-called cystic type of lesion in fibrous 
dysplasia may resemble the bone lesions of 
cystic angiomatosis, but frequently close 
inspection of such defects will reveal a 
ground-glass hazy density due to fibro- 
osseous tissue within the cyst-like detect of 
fibrous dysplasia. Where there is diffuse 
involvement of the skeleton there are apt 
to be portions of bone which are undertubu- 
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lated or locally expanded and a variety of. 


osseous deformities including bowing, ace- 
tabular protrusion and coxa vara may be 
seen. In hyperparathyroidism granular 
decalcification of the skull, subperiosteal 
resorption of bone, generalized decalcifica- 
tion and disarrangement of the trabecular 
architecture are important diagnostic fea- 
tures. 
SUMMARY 


A case of cystic angiomatosis of bone is 
described in a 14 year old Puerto Rican 
boy. Ten previously reported cases showing 
a similar roentgen pattern of skeletal in- 
volvement and similar pathologic findings 
are reviewed and tabulated. In some of 
these the pathologic process was limited to 
the skeleton, but in others the bone 
changes were associated with lesions of 
similar pathology in various soft parts. The 
basic pathology in both soft tissue and bone 
consists of unilocular or multilocular cyst- 
like dilated vascular spaces. These show no 
features of neoplasia and are considered to 
be hamartomatous vascular malformations. 
It is suggested that cases showing only gen- 
eralized involvement of bone by lesions of 
this type represent one manifestation of a 
broader hamartomatous disease entity 
which may be manifested in all grades of 
severity, ranging from those which are 
lethal to those which are benign and asymp- 
tomatic. 

The roentgen pattern of bone change is 
characteristic and usually permits a specific 
roentgenologic diagnosis. As no other 
laboratory or clinical findings short of 
biopsy provide a significant clue to the na- 
ture of the condition, the importance of 
correct roentgen interpretation of the 
skeletal defects is evident. 


John E. Moseley, M.D. 
Department of Radiology 
The Mount Sinai Hospital 
New York 29, New York 
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DETECTION OF METASTATIC CANCER TO BONE 
BY SCINTISCANNING WITH STRONTIUM 87m* 


By N. DAVID CHARKES, M.D., 


HE use of radioactive strontium as à 

tracer of calcium metabolism in malig- 
nant disease of bone can be said to have 
been ushered in with the report of Tread- 
well and associates in 1942 concerning the 
utilization of strontium 89, a pure beta 
emitter, in autoradiographic studies of 
primary bone tumors.'* The results of these 
investigations indicated that radioactive 
strontium was deposited in areas of active 
osteogenesis both in normal bone and in 
osteogenic sarcoma. 

More recently, several groups of investi- 
gators have employ ed Sr®, a pure gamma 
emitter, to trace certain aspects of calcium 
metabolism | in man.2 5? It has been shown 
that although quantitative differences exist 
in gastrointestinal and renal handling of the 
two elements, there is much less discrimina- 
tion by bone.’ Bauer and Wendeberg were 
successful in demonstrating increased stron- 
tium accretion by means of external count- 
ingin bones dam aged by fracture, infection, 
tumor and Paget’s disease; and Gynning e 
al. found that increased Sr® deposition in 
bone could precede visible roentgenographic 
changes 1 in patients with metastatic breast 
cancer. This finding indicated that local 
changes in radiostrontium metabolism 
might be a more sensitive index of the pres- 
ence of bone metastases than the roentgeno- 
gram, in which calcium content alterations 
of 30 to ṣo per cent must occur before 
visible changes become apparent." 

In 1961, Fleming and associates demon- 
strated that the spatial distribution of Sr? 
in the human could be displayed by means 
of photoscanning.’ Sklaroff and Charkes 
employed Fleming’s technique and showed 
that the scintiscanning method is capable 
of demonstrating metastatic tumor to 
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bone prior to observable roentgenographic 
changes, as proven by bone biopsy. 7*7? 

Despite these sa dutary findings, scanning 
with Sr* has several disadvantages: (1) 
0 of its dong es 0 (64 


nee ogic half. ps of Sogl i 843 days: 
have been recorded), frequent repetition of 
the scan in order to aia response to 
therapy is not feasible; (2) as a consequence 
of the long effective half-life, the estimated 
radiation - to bone of 4.6 rads per 100 uc 
injected? (a lower integral dose is probably 
more likely--see Table 1) has limited the 
injected dose to 100 uc or less. This in turn 
results in suboptimal resolution and long 
scanning times due to poor cou nting statis- 
tics; and (3) Atomic Energy Commission 
approval has been granted solely for study 
of malignant diseases of bone. 

It would be desirable to extend these 
studies to encompass nonmalignant bone 
disorders including those of children, par- 
ticularly with a strontium isotope of short 
half-life and no particulate emission so that 
relatively high doses could be safely admin- 
istered at frequent intervals to assess the 
osteogenic response to therapy. 

Strontium 87m satisfies these conditions 
(Table 1), and was therefore proposed as a 
substitute for Sr? by Myers in 1960.!? It 
decavs by emission of a single gamma 
photon of 0.388 mev. to stable TUM and has 
a half-life of 2.8 hours. There is no associ- 
ated ashes nuclear emission and, 
although the internal conversion coefficient 
is 0.22, the radiation dose to the whole body 
and to bone is less than 1 per cent that of 
ors 

Wehave recently obtainedaseries of ร ห วั ก ก 
generators from Brookhaven National Lab- 
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* From the Department of Radiology (Nuclear Medicine and Radiation Therapy), Albert Einstein. Medical Center, Northern 


Division, Philadelphia, Pennsylvania. 


I1 


2I 


1199 N. D. Charkes, D. M. Sklaroff and J. Bierly 


oratories and have evaluated this isotope in 
à group of 16 patients, in 6 of whom Sr® 
scans were also performed for comparison. 
Photoscans made with the two isotopes 
were identical. Just as with Sr, Sr8™ scans 
may reveal the presence of tumor in bone 
prior to observable | roentgenographic 
changes, as proven by bone biopsy. 


METHODS 

Sixteen patients have been scanned to 
date with Sr*, including 7 patients with 
metastatic cancer to bone and 4 with pri- 
mary bone tumors. In 6 patients, Sr? scans 
were performed for comparison. 

sr is obtained as an yttrium 87-stron- 
tium 87m generator, which is manufactured 
by bombardment of a rubidium target with 
35 mev. alpha particles in the Brookhaven 
National Laboratories cyclotron. The Y* 
(half-life 80 hours) is fixed on a Dowex-1 
column, and the Sr*» is obtained by “milk- 
ing" the “cow” with 0.006 per cent citric 
acid solution at pH 5.5. Under these condi- 
tions, the yttrium 87 citrate remains on the 
column and the carrier-free Sr?" passes 
through.? The solution is sterilized by 
passage through an ultrafine fritted glass 
filter into a sterile flask under negative 
pressure. Hypertonic (5 per cent) saline is 
added to bring the solution to isotonicity, 
and additional o.g per cent N saline is 
fushed through the filter to wash off ad- 
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sorbed Sr?» atoms. The isotonic solution 
is then agitated and an aliquot taken for 
counting prior to intravenous injection. 

Counting efficiency for Sr? was deter- 
mined bv interpolation on a curve con- 
structed from a plot of efficiency versus 
photon energy for the monoenergetic 
gamma emitting isotopes Cs!™, Sr, Aut’, 
Cr? and Hg, and found to be 0.45 (cor- 
rected for interval conversion). Thus 1 uc of 
or?" gave 781,000 cpm. Frequent stand- 
ardization checks against a Cs"? source 
were made. 

Two identical detectors and instrumen- 
tation systems consisting of a 2X2 inch 
Nal (TI) crystal housed in a flat-field colli- 
mator, pulse height analvzer, count rate 
meter and strip chart recorder* were posi- 
tioned over the precordium and right knee 
respectivelv, to measure blood disappear- 
ance rate and exchangeable strontium in 
bone following intravenous injection. 

Scans were performed with the Picker 
Magnascanner,T utilizing the 19-hole col- 
limator and pulse-height analvsis. 


RESULTS 


The rate of accumulation of Sr8™ by the 
knee follows the general formula A= Aet! 


* Picker Twinprober, 


f Picker X-Ray Corp., White Plains, N. Y. 
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COMPARISON OF STRONTIUM 8§ AND STRONTIUM 87M 


เอ ว เร ด คี เร ชร ห ศร ศร ร กรร ห ร พ ห พล แนะ ล ง เฟล มอ ะ ร ร ร แร ร ร ก ละ น ร แร เกส ม น ม แส ห เห พ = จ เร แร ี ส ร ก บะ สา ร แล ละ ด ภร ก ร สด ภร แพ ร แน ระ ร ร นะ น ค ๑ ๓ ๓ ๓ ะ ภพ ค นร ห ลก แร เต ง ร ร รก ก อร ร ร ร ร รง ร ร ร ร ร ร ร ร ค พ ร ร ะ แร ร ะ MEM Pet. PINAY LO IN PS PN PN LEE OA 


Gamma emission in kev. (% of disintegrations) 
Beta emission 

Internal conversion coefficient 

Half-life 

r Dose rate constant in r/me/hr. @ 1 em. 
Whole body dose per 100 uc iniected* 

Bone dose per 100 uc injected? 

Production method 


(1) Cyelotron; or (2) reac- 





Sim 


ณ์ 311+ เ 1 111111111 โ 1 โ 1111 ๐ โ 100 0 


513 (100%) 388 (10067) 


nonc none 
QC anal? 
O. 87/6 22% 


2.8 hours 
1.66 
2.2 millirads 
9.9 millirads 
Cyclotron: Y% (E.C.) Sr9m 


64 days 
3-0 
680 millirads 
1,590 millirads 


torcsrettg. yor 


* 


MEME MR 1L oa LLL RR 


Injected into Standard Man (70 kg.), assuming £o per cent retention for Sr*? and too per cent for 5r*, and biologic data of ICRP 


Report No, 2, Equations of Hine and Brownell? were used for calculation of beta dose from electron capture (Sr®) and conversion elec- 
trons (Sr577), and for integral dose, Geometry factor (2) = 41.6 (cylinder of radius ร em., volume 7,000 cc.) was used for calculation of 


gamma dose to bone. 
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utes (£1 S.D.) (Tables 1 and 111). From 
these considerations it was found de- 
sirable to begin scanning approximately 
45 minutes following injection so that go- 
95 per cent of the Sr*?" to be deposited 
would have done so, and vet physical de- 
cav would be minimal. 

Urine was collected at the end of the 
scanning procedure in 3 patients and was 
analyzed for Sr?" by measurement of an 
aliquot in a well scintillation counter. Ape 
propriate correction for decay was made. In 
all 3 patients, less than 4 per cent of the 
administered dose was recovered in 24 
hours (Table i1). 

A normal Sr*?/* scan of the pelvis is shown 
in Figure 2. In all 7 patients with metas- 
pues OE areas i4 5 activ- 
E 24). ‘In 6 Dan more extensive 
disease was visualized on the scan than 
was apparent on the corresponding roent- 
genogram (Fig. 4), and bone biopsies 
taken from scan-positive areas in § patients 
revealed the presence of tumor cells in all. 
In 2 patients bone biopsies from scan-posi- 
tive areas revealed metastatic carcinoma 
although the roentgenograms were inter- 
preted as normal. 

In 6 patients to whom Sr* was also ad- 
ministered, identical photoscans were ob- 
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Fic. 1. Precordial disappearance (above) and knee 
uptake (below) of Case 10, injected successively 
with Sr?" (£4 uc) and Sr (20 uc), uncorrected for 
decay. Abscissa in minutes. Knee uptake follows 
function A= het; Sr9m Ti-9o min. (corrected 
for physical de a Sr T= 16.0 min. 
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system 


Vic. 


2. Scan of 61 year old female with back pain 
(Case 14), begun 55 minutes following injection of 
244 uc of Sr?" Note normal isotope content of 
lumbar spine and pelvis, particularly in articular 


surfaces (sacroiliac joints, femoral heads and 
acetabula), and in urinary bladder and urethra. 
Localization is identical to that found with 
Gp33 112,13 


tained (Fig. 3 and 4). Two patients with 
eosinophilic granuloma of bone and roent- 
genographic changes showed no evidence ot 
abnormal osteogenic activity on scan. In 1 
P RM vim O eeen sarcoma Xx Mus 


9. 


pu. 


DISCUSSION 


These findings indicate that photoscan- 
ning with Sr?" can detect metastatic can- 
cer to bone even prior to observable roent- 
genographic changes. Sklaroff and Charkes 
showed that the photoscanning technique 
employing Sr* can also demonstrate tumor 
deposits in bone despite normal roentgeno- 
grams 9 Their results in go patients 
were substantiated by bone biopsy in 14 
and confirmed by well-scintillation count- 
ing of the bone specimens. Resolution of the 
vas determined by phantom studies 
and by evaluation of scans of fracture sites, 


























1124 N. D. Charkes, D. M. Sklaroff and J. Bierly May, 1964 
Tase II 
RELEVANT DATA IN 16 PATIENTS INJECTED WITH STRONTIUM 87M 
Case Age Sex Tumor (site of origin) "63 upate อ มร ย น ย ต ST™ OO ST Roentgen- pires Remarks, 
injected โร ก ก ร ล Mano อ อ 

I 18 M  Eosinophilic granuloma (rib) I3 — — — negative positive positive 

2 66 F Eosinophilic granuloma (Illum) 105 — — — negative positive positive 

3 67 M Carcinome (pro-tete) 177 — — positive positive positive positive Scan more extensive 
4 43 F Carcinoma (breast) 156 — 2.2% (155) positive positive positive — Scan more extensive 
5 66 F . Carcinoma (breast) 130 — — poaitive positive positive positivet Scan more extensive 
6 59 M Normal (knee pain) 401 12.5 mo — negative negative — 

7 86 M Carcinoma (prostate) 470 6.0 — — positive negative — — Een HE ค 

scan-positive ares 

8 56 F Carcinoma (breast) 206 — — positive positive positive — Fig. 3, 4 and B 

9 17 F Malignant teratoma (ovary) 160 — -— — positive positive — 

10 9 F Ewing’s tumor (spine) 54 9.of — positive positive positive positive Fig. I 
II 68 M Osteomyelitis (L 1, 2) 1.568 17.0 — — positive positive — Scan more extensive 
I2 69 F Carcinoma ( origin) 494 9.0 3.695 (150) — positive positive positive 

13 6o M Carcinoma (lung) 102 — — — negative negative — 

14 61 F Norma! (back pein) 244 IO.O 0.51% (140) | — negative negative — Fig. 2 

I5 46 F Carcinoma (cervix uteri) 129 6.5 — — negative negative — 

16 13 F = Osteogenic sarcoma (tibia) 193 9.5 — positive positive positive positivet Fig. 4, A-C ands 


* Histopathologic examination of scan-positive area, 
+ Sr knee uptake T4 = 15.0 min. 


and was found to be satisfactory. In most 
patients, the Sr® scan correlated well with 
the roentgenogram, but in 11 the scan was 
positive and the roentgenograms negative. 
Furthermore, in many of the roentgeno- 
graphically positive cases, the scan revealed 
more extensive disease than was visualized 
on the roentgenogram, and this was con- 
firmed by bone, biopsy in. all patients so 
examined. Both osteolytic and osteoblastic 
lesions were positive on scan. 

The present study indicates that photo- 


TABLE III 


KNEE UPTAKE OF STRONTIUM 87M AND 
STRONTIUM 85 


Mean 
No. of | Mean knee 
Isotope cases dose (uc) uptake £15.D.} 
T4 (min.) 
SERT 8 443 9.9 3.5 
Srt 16 5 ๐ I4.9 6.3 
* Carrier-free. 
t Stable carrier added. 


t Standard deviation. 


i 
x= 


B f ว - : 
t o Si an C) roentgen (—) area 


scans produced by Sr?» are identical to 
those made with Sr® (Fig. 3, 4 and B and 
4, 44 and C). In 6 patients scanned with 
both isotopes no difference in isotope dep- 
osition was noted, either in normal or in 
abnormal areas of osteogenesis. In 5 pa- 
tients, bone biopsies of scan-positive areas 
were positive for tumor when examined 
microscopically, and in 6 patients the scan 
revealed more extensive changes than were 
apparent on the roentgenogram. In 2 pa- 
tients bone biopsies of scan-positive areas 
revealed tumor although corresponding 
roentgenograms were interpreted as nor- 
mal. It is apparent, therefore, that photo- 
scanning with Sr?" may reveal the pres- 
ence of tumor in bone before visible roent- 
genographic changes are appreciated, and 
there are no essential differences between 
Sr?'^ and Sr9 in this respect. 

Comparison of the knee uptakes of Sr?» 
and Sr**((Table mr) reveals that quantitative 
differerices do exist, however, in the rate of 
isotope deposition. This discrepancy may 
be due either to a dose effect or to the pres- 
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Fic. 3. Posterior chest scan of 76 year old female (Case 8) who developed multiple metastases to bone 30 
months following right mastectomy for carcinoma. (4) Sr*??" scan shows extensive uptake in right scapula 
(arrow). (B) Identical localization is seen with Sr**, injected 8 days later. Metastasis to scapula had been 

overlooked on initial chest roentgenogram. Normal left scapula is visualized on Sr* scan. Note slight but 

normal increase in strontium deposition in left glenoid fossa and humeral head (arrow), and abnormal up- 


take in mid-dorsal spine (arrows). Metastases to D 4 and D 7 were seen on roentgenogram. 





Fic. 4. (4) Sr?" scan of legs of 13 year old female with osteogenic sarcoma of right tibia ( Case 16). Note ex- 
tensive strontium uptake (arrows) although only roentgenographic evidence of disease ( B) was elevated 
periosteum (arrow). (C) Sr* scan made subsequently shows similar localization. Notice increased stron- 
tium accumulation in femoral and tibial condyles and patella as compared with shaft on both scans, a 
normal finding. * 9:2 
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lic. g. Same patient as in Figure 4. Coronal section 


through amputated right leg shows extent of osteo- 
genic sarcoma (arrows). Note close correspondence 


with strontium scans. 


ence of added stable carrier strontium in 
the Sr® solution. These possibilities are 
currently under investigation. 
Measurement of urinarv excretion. of 
sr’ in 3 patients (Table 11) indicates that 
virtually none of the isotope is eliminated 
from the body during the scanning process. 
This results in a high body background and 
is a major disadvantage to scanning with 


ning doses can be given, background can be 
effectively eliminated by judicious use of 
the background cut-off circuit and appro. 
priate contrast enhancement so that satis- 
factory scans can be obtained. In contrast, 
up to 50 per cent of the Sr* dose may be 
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pathways during the 24-72 hours which 
elapse between injection of this isotope and 
the scanning procedure. In Sr* scanning, 
this 1s of major significance because of the 
low count rate over tumor sites.’ 

The radiation dose from 100 pe of in. 
jected Sr#™ has been calculated to produce 


2.4 mrads to the body as a whole (assum- 


ing uniform distribution) and 9.9. mrads 
to bone (assuming 100 per cent retention 


eliminated via gastrointestinal and renal 


r 


and a geometry factor of 41.6; Table 1). 
This is to be compared with a whole body 
dose of 680 mrads and bone dose of 1,590 
mrads from an equivalent quantity of Sr, 
A greater bone dose would result from the 
use of a geometry factor of 125 in the calcu- 
lations, as was apparently done by Fleming 
et al, but this assumes homogeneous con- 
centration throughout the body. A more 
realistic approach would place the actual 
bone dose between these two extremes. 

The disadvantages of Sr*" (other than 
the relatively high body background) are: 
(1) the short half-life of the Y*? parent-—8o 
hours; (2) the cost of the generator, which 
must be renewed everv 2-3 weeks; and (3) 
the time-consuming milking-sterilization- 
counting process in comparison with the 
ease of handling a multiple-dose radio- 
pharmaceutical preparation such as Sr? 
nitrate. 


provide a basis for exploring additional 
avenues of approach to the following diag- 
nostic problems not amenable to solution 
with Sr: (1) nonmalignant disorders of 
bone; (2) osteogenic response to hormonal, 


chemical, or radiation therapy of benign 
and malignant diseases of bone; and (3) 


bone disorders of children. These problems 
are currently under study in our laboratory. 
In addition, the higher doses of Sr?" which 
are possible improve counting statistics, 
and thereby sharpen resolution and permit 
shorter scanning times in comparison with 
sr“. Preparation of the bowel for pelvis 
scans is not necessary with จิ ห ร ั 7 ต as it is 
with Sr54 
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SUMMARY 


Sixteen patients were injected with Sr*/» 
and photoscans made of bone. Seven of 
these patients had metastatic cancer to 
bone and 4 had primary bone tumors. 
Except for 2 patients with eosinophilic 
granuloma, the Sr?" scans corresponded 
with the roentgenograms, and in 6 patients 
revealed more extensive disease than did 
the roentgenograms. Bone biopsy in § pa- 
tients confirmed the scan findings. In 6 
patients injected with both Sr*?" and Sr, 
identical scans were obtained. 

Sr™m can be employed to detect metastat- 
ic cancer to bone even prior to observable 
roentgenographic changes. It should prove 
of particular value in evaluating nonmalig- 
nant disorders of bone including those of 
children, and in following the osteogenic 
response to therapy of bone diseases. 


N. David Charkes, M.D. 
Albert Einstein Medical Center 
York and Tabor Roads 
Philadelphia 41, Pennsylvania 


It is a pleasure to acknowledge the technical 
assistance of Mrs. Tina Helock and Miss 
Barbara Cravitz. 
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THE SKELETAL UPTAKE OF 
RADIOPHOSPHORUS (P")* 


By JAMES N. CASTLE, A.B., KENNETH G. 


AN THE course of using radiophosphorus 

tor the treatment of patients with a 
t of polyey non vera, a de slaved 
response in one of our patients made it 
desirable to determine the extent to which 
the isotope was absorbed by the skeletal 
system as a whole. 

A review of the literature revealed no 
previous study of this exact nature, but 
furnished a guide through animal data and 
autopsy studies on cases of leukemia. The 
average retention of P? by normal mice as 
reported by Lawrence ez a/ and Ert et al? 
was 29.7 per cent and that of leukemic mice 
35 per cent. Friedell and Storaashi! reported 
33 per cent of the total injected dose re- 
maining in the skeleton of albino rats at 14 
davs. Further caleulations on the data of 
Warren in humans indicate a retention of 
31 per cent in chronic myelogenous leuke- 
mia at I4 days, and on the data of Bauer 
ef al) an average uptake of 37.2 per cent in 
voung normal children. i the latter in- 
stance, administration was by intramuscu- 
lar injection. 


With a view to fv tivo determination of 


the bone uptake in adult humans, we have 
made comparative measurements over the 
forehead area of our patients and over an 
analogous area on a phantom skull which 
ie prepared with a known quantity of P®. 

‘he forehead was selected tor measurement 
desi it offered a relatively extensive and 
easily accessible bony area free of large 
muscle masses and adjacent to brain w hich 
takes up relatively small amounts of P? at 
the time periods measured.^ The assump- 
tion was made that distribution in the skull 
bones would be uniform and that deposition 


of P? therein would be representative ot 


d EDO DOS throughout the skeleton since 
the work of Jowsey® has shown that the 
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Fic. 1. Phantom hezd constructed of balsa wood and 
cov ae with she 0 ate- ae 


on ae fuc d area EE were use e ว positis 
the coilimator. 


bones of adult dogs show a generally uni- 
form distribution of adsorbed radionuclide, 
and Marshak" has stated that differences 
between epiphyseal and diaphyseal con- 
centration even out with time. 


MATERIALS AND METHODS 


A phantom head was constructed from 
balsa wood (ochroma lagopus) to which was 
molded a mixture of ก phosphate 
and § per cent gelatin (37 per cent:63 per 
cent) as show nin Figure ! p r i esent t skull 


sition. The ave age 2 num s of Do Was 
taken into consideration and explains the 
percentages of minerals, gelatin and water 
used in the phantom in order to establish 
the same qualitv of Bremsstrahlung from 


* From the Radioisotope Service, Veterans Administration Hospital, and the University of California Medical Center, San Francisco, 


California, 
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formity in gelatinous layer. The marker is 2 em. 


long. 


P? in the phantom to the P? in the bone of 


patients.? As the gel was prepared 40.3 uc 
of P? were thoroughly mixed with it so as 
to obtain uniform distribution. The thick- 
ness of the calcium phosphate-gelatin skull 
cap was $ mm.; this was selected as an 
average frontal Done thickness from roent- 
genograms of our patients. An oblique 
anteroposterior and a lateral roentgeno- 
eram of the phantom skull are shown in 
l'igures 2 and 3. The marker is 2 cm. long. 
Counting over the phantom was done with 
a pulse height analvzer-scaler unit, ad- 
justed to obtain the h ighest count rate from 
the P? Bremsstrahlung. The cylindrical 
sodium iodide crystal, 3 inches in diameter 


x1 inches thick was collimated with 13 
inches of lead and recessed 14 inches from 


the opening. The end of the collimator was 
positioned 2 mm. from the surface of the 
phantom skull. It was determined that 
even with heavv collimation activity from 
some contiguous areas as well as the area 
immediately beneath the collimator would 
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2. Oblique anteroposterior roentgenogram of 
phantom as "seen" by counter probe showing uni- 


1129 
contribute to the observed count rate, 


although activity in the occipital area 
contributed only 1-2 per cent. 

Fourteen similar studies were done on 7 
patients who had received P? in millicurie 
amounts. Lateral skull roentgenograms 
were taken to determine proper positioning 
of the counter above the frontal sinuses and 
also to measure frontal bone thickness. 
[nasmuch as skull thickness varies with 
hereditv, age and individual characteristics 
of the disease, appropriate correction fac- 
tors were devised and applied to relate the 
count rate observed over the patient to that 
observed over the phantom. All counts 
were corrected to zero time and calculations 
made according to the following formula: 

X Pe AX ToO 


. Phe ว 
Ph wtX- -Xuc dose to P 
Ph 


uc in 
where -/=estimate of weight of patient's 
skeleton in grams; Pe = count over patient's 
skull; Ph=phantom; Ph wt=phantom 
skull cap weight in grams; and PA ¢ = phan- 
tom count. 

The estimated weight of the patient's 
skeleton is taken from tabulated data on 
the mass and effective radius of organs of 
the adult human body." The first two 
terms in the denominator are known con- 
stants and mav be replaced by a single 
numerical value, thus: 


9945. 6c im g,—c/m 


290.3 เล ง WP RC GT x6 0 6.2 2 AA 73 : 4 8 EM 
40. " uc uc 





bio 3 The 


Lateral roentgenogram of phantom. 
marker is positioned over the forehead area where 
the measurements were made. 
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RESULTS OF STUDIES AFTER INTRAVENOUSLY 
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This figure applies to 5 mm. thick frontal 
bone. When the frontal bone is 8 mm. thick, 
this figure becomes 
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RESULTS 

Data obtained from 14 patient studies 
are presented in Tables 1 and n. Measure- 
ments usuallv began within 24 hours after 
zero time and continued throughout the 
patients’ hospital stay. In early time peri- 
ods, z.e., trom a few hours to 3-4 days, we 
noted an increase of P® which has been 
shown to be an equilibration period.* *:* 
lhereatter, an approximate but steady 
ratio is established between bone and soft 
tissues as also demonstrated by the work of 
?almer!? and Wyard." The data tabulated 
were theretore selected with regard to these 
findings except where discharge from the 
hospital required us to forego further meas- 
urements. 
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DISCUSSION 


Bi 


The results of the skeletal uptake of P® 
as caleulated in these studies are in the 
same general range as those reported in or 
calculated from data presente din the liter- 
ature. In some cases they are a little higher 
than the results calculated (om autopsy 
data, but this is generally to be expected 
since malnutrition and the wasting aspects 
of leukemia result in loss of protein, cal- 
cium, and phosphorus. However, the agree- 
ment with the animal data is good. Similar 
equilibration periods were observed. The 
general physical condition was equivalent. 
Our patients were of normal weight and 
good appetite and in no acute distress. 
Successive retreatment was generally occa- 
sioned by complaints of dizziness or a feel- 
ing of tullness in the head or the presence of 
an increasing hemogram. The object in 
view was to maintain the red blood cell 
count in the area of 6-7,000,000 cells per 


Tage H 


RESULTS OF STUDIES AFTER ORALLY ADMINISTERED RADIOPHOSPHORUS 
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cu. mm. and the packed cell volume below 
60 per cent. 

The average uptake from the intravenous 
route was found to be 32.7 per cent while 
that from the oral route was 20.4 per cent. 
Erf and Lawrence? found a similar dispar- 
ity. These figures indicate the need of giv- 
ing up to so per cent more P? orally than 
would be administered intravenouslv for 
equivalent therapy. Some patients in our 
series had either all intravenous or all oral 
doses. However, 2 of our patients (W.P.M. 
and T.T.) have had a long series of both 
intravenous and oral doses. Data concern- 
ing the amounts administered and intervals 
before readministration was required in 
these patients indicate the relative effec. 
tiveness of these two modes of administra- 
tion. The average of all intravenous doses 
for both patients was 5.2 mc administered 
every 8$ months. The average of all oral 
doses was 6.5 mc administered every 31 
months. From the former, 1.58 mc of P? 
would have been taken up and from the 
latter, 1.33 mc. It seems apparent in these 
cases that an average oral dose which was 
only 25 per cent greater than the average 
intravenous dose was not equivalent in 
maintaining suppressed marrow activity, 
hence the shortened interval between suc- 
cessive administrations. 

The measurements were made in U1U0; 
they are easily performed with standard 
radioisotope laboratory equipment and are 
serving as a check on the patients’ progress 
by integration with clinical state, size and 
frequency of doses, as well as the other 
routinely used hematologic tests. 


SUMMARY 
Comparative measurements have been 
made on a phantom skull and on patients 
under treatment for polycythemia vera 
using P?, The uptake of P? by the skeleton 
has been calculated. 


James N. Castle, A.B. 
Radioisotope Service 

Veterans Administration Hospital 
42nd Avenue and Clement Street 
San Francisco 21, California 


The Skeletal Uptake of P*? 


Pon 


เว 


6. 


G. 


Lede 


I4 


d 


1131 


REFERENCES 


Baver, G. C. H, Carson, A., and LINDQUIST, 
B. Bone salt metabolism in human rickets 
studied with radioactive phosphorus. Metabo- 
lism, 1956, 5, 573-581. 


Err, L. A., and Lawrence, J. H. Clinical studies 
with aid of radiophosphorus. HI. Absorption 
and distribution of radio-phosphorus in blood 
of, its excretion by, and its therapeutic effect 
on, patients with polycythemia. Jun. Int. 


Err, L. A, Turre, L. W., and Scorr, K. G. 
Retention of orally administered radio-phos- 
phorus by mice. Proc. Soc. Exper. Biol. & 
Med., 1940, 45, 652-657. 


FRIEDELL, H. L., and Sronaasu,, J. P. Thera- 
peutic application of radioactive phosphorus 
with special reference to treatment of primary 
polycythemia and chronic myeloid leukemia. 
T. Clin. Invest., 1949, 28, 1308-1323. 


. Jowsey, J. Radioelement distribution in skeletal 


tissue. Stompraxts, 1958, 4 (7-8), 291-294. 


Lawrence, J. H., and Scorr, K. G. Compara- 
ative metabolism of phosphorus in normal and 
lymphomatous animals. Proc. Soc. Exper. Biol. 
& Med., 1939, 40, 694-696. 


. Lawrence, J. H., Terrie, L. W., Scorr, K. G., 


and Connor, C. L. Studies on neoplasms with 
aid of radioactive phosphorus. I. Total phos- 
phorus metabolism of normal and leukemic 
mice. Y. Clin. Invest., 1940, 19, 267-271. 


. Low-Bzzn, B. V. A., Brais, R. S., and Scorigtp, 


N. E. Estimation of dosage for intravenously 
administered P%; calculation based on two 
compartment distribution of isotope. Am. J. 
KoEexTGENOL, Rap. TurgRAPv & NUCLEAR 
MED., 1952, 67, 28-41. 

Mansuak, A. Radioactive phosphorus in studies 


on metabolism of normal and neoplastic tis- 
sues. F. Clin, Invest., 1949, 28, 1324-1329. 


. Parmer, H. E. Detection of P® in vivo. Radi- 


ology, 1962, 78, 115. 

Report of Committee II on permissible dose for 
internal radiation, 1959. Table 8. Organs of 
Standard Man. Health PAys., 1960, 5, 1-380. 


. WARREN, S. Retention of radioactive phosphorus 


in leukemic patients. Cancer Res., 1943, 3, 872- 


876. 


. Wryte, G. N. Principles of Radiation Dosim- 


etry. John Wiley & Sons, Inc., New York, 
1959, p. 16-17. 

Wyarp, 5. J. Radiation dose to bone from radio- 
active phosphorus. Brit. J. Radiol., 1956, 29, 
576. 


Mav, 1964 


DISTURBANCE IN BONE GROWTH PRODUCED BY 
35 MEV. ELECTRON IRRADIATION OF 
|». YOUNG RABBIT LIMBS* 
By GIULIO J. D'ANGIO,t JOACHIM JUNG,t KENNETH A. WRIGHT,$ 
and JONATHAN COHEN} 


BOSTON, MASSACHUSETTS 


[1 IS well recognized that irradiation of 

the growth centers of bone can lead to 
inhibition of growth, or deformity, or 
both.*? This is a hazard of radiation ther- 
apy of children, especially where malignant 
soft tissue lesions near the epiphyses are 
targets of curative roentgen ray doses. 
Methods to reduce or eliminate the com- 
plications of such therapy have been sought 
for many years. The ideal would be to 
deliver an effective dose to a tumor while 
completely sparing the bone. The use of 
high energy particulate radiation, sources 
of which are becoming available, would 
seem to offer a promising approach because 
of the favorable pattern of energy release 
within tissues. With this form of therapy 
there is a rapid build-up of released energy 
beneath the surface to a peak level with a 
relatively sharp drop as one goes deeper. In 
the case of a superficial tumor at a distance 
from underlying bone, it should be rela- 
tively easy by adjusting the voltage to 
deliver through a single portal high doses of 
electrons to the lesion while sparing the 
bone. However, when the tissue to be 
treated is contiguous to normal bone, the 
"tail" of the energy distribution may in- 
clude enough of the epiphysis to cause 
damage (Fig. 1). The resulting asymmetric 
disturbance in bone growth might prove 
more difficult to correct than a more uni- 
form shortening, which is to be expected 
after high energy x-irradiation through a 
similar portal. 

In the present report an experiment 1s 
described in which a comparison was made 
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Fic, 1. Distribution of depth dose for 3.5 mev. elec- 
trons with cone as used in this experiment. A 
schematic line drawing of the proximal tibia is 
superimposed to demonstrate the rapidity of the 
fall-off through bone. An average bone density of 


1,65 gm./cc. has been assumed and used for all 
calculations. 


of the effects of high energy x-ray versus 
electron irradiation on the growth of bones 
of limbs of young rabbits to ascertain 
whether the inhibitions or deformities of 
growth would follow the patterns predicted. 


MATERIALS AND METHODS 


Forty male albino rabbits, 54 to 62 weeks 
of age, were randomly divided into 2 groups 
of 20 animals each. The first group received 
x-ray and the second group electron irradia- 
tion. The average weight of the animals in 
Group I was 3 lb., 1 oz.; in Group I, 3.0 Ib. 
The animals were anesthetized, using intra- 
venous veterinary nembutal and positioned 
with the right side down. The right hindleg 
was then extended fully with traction ex- 


* Read at the Tenth International Congress of Radiology, Montreal, Canada, August, 1962. This investigation was supported by 


the S. B. Wolbach Research Fund. 


+ The Children's Cancer Research Foundation, The Children’s Hospital Medical Center, and Harvard Medical School, Boston, 


Massachusetts. 


t Formerly at the Boston City Hospital, Boston, Massachusetts. 


§ The High Voltage Research Laboratory, Massachusetts Institute of Technology, Cambridge, Massachusetts, 
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Fic, 2. Sample roentgenogram obtained at time of electron treatment. Compensating absorbers have been 


4 


introduced into the beam to equalize the dose along the medial aspect of the irradiated soft tissues adjacent 


» 


to bone. The proximal limit of the treatment field is identified by the end of the serrated marker and extends 


well above the upper tibial epiphysis. 


erted by a tension bandage secured to the 
right ankle and was irradiated to include 
all of the tibia and the foot through a 
medial entrv portal. The bodv, tail, and 
left hindleg were excluded from the beam. 

Group 1 was treated with x-ravs gener- 
ated at 2 mev. by a Van de Graaff machine. 
The target to skin distance was 71 cm. 
Sufficient unit density absorber (masonite) 
was interposed so that the maximum dose 
was at the level of the skin surtace. Mason- 
ite was also placed below the hindleg to 
provide electron equilibrium back scatter. 
The maximum dose was estimated to be 
1,000 rads and the minimum dose, 950 rads 
at the exit side. 

In 19 of the 20 animals in Group 1, the 
right hindleg was irradiated in similar 
fashion but 3.5 mev. electrons from a Van 
de Graaf accelerator were used. Compen- 
sating absorbers, equivalent to ๐ .1 to 0.7 


em. of tissue, were introduced into the 
beam in order to equalize the dose in the 


treated tissues adjacent to the bones on the 
medial side (Fig. 2). The estimated dose in 
soft tissue immediately adjacent to bone 
was 1,000 rads and fell rapidly to lower 
values beyond this region (Fig. 1). Proper 
positioning of the absorbers in relation to 
the irradiated part was checked for each 
rabbit by roentgenograms prior to treat- 
ment (Fig. 2). The twentieth animal was 
inadvertently given 2,000 rads. 

For the purposes of this study we 
adopted 1.65 gm./cc., as proposed by Haas 
and Sandberg? after studies on the calvar- 
ium and mandible, as the average density 


for bone. This value seemed appropriate 1 ท 
view of the immaturity and small size of 
the tibias in voung rabbits and was selected 
by Spiers," based on studies of compact 
femoral bone. 

The animals were followed for 6 months. 
They were examined clinically for evidence 
of cutaneous radiation reactions, epilation, 
deformitv, and growth retardation at least 
at monthlv intervals. Weights were re- 
corded at the same time. 

Roentgenograms of both hindlegs in 
extension. with the animals prone were 
obtained before treatment and each month 
thereafter for 4 months. The lengths of the 
right and left tibias of each animal were 
measured on roentgenograms, using stand- 
ard reference points. 

Measurements were also made on the 
left side, which was used as a control. 
Baserga e/ a/? were unable to find any 
difference in the lengths between the right 
and left tibias in unirradiated rats. Regen 
and Wilkins? have shown that in rabbits 
there was no difference in the lengths of the 
radn and ulnae in unirradiated controls and 
those of the untreated foreleg in treated 25 
dav old animals. 

A radiopaque ruler was included for each 
set of roentgenograms and the measured 
lengths for all bones were reduced by an 
appropriate factor to correct for magnifica- 
tion. The animals were sacrificed 6 months 
after treatment, and the hindlegs removed. 
Both limbs were dissected free of soft tis- 
sues and the actual lengths of the tibias 
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I auda H were av da at E time 0 and 
the values are shown on the scatter diagram. The 
best-fitting straight lines were calculated for each 
of the two groups. Thev can be compared with 
each other and with the 45? plot (solid line) which 
indicates the slope for equal growth of the right 
versus the left tibia. There is greater shortening of 
the x-irradiated tibias than of those receiving elec- 
tron irradiation, The slopes of both lines differ 
significantly (p «0.01) from the 45° plot. 


were measured, using the same points of 
reference. Seventeen animals in Group 1 
and 15 เท Group 11 were considered suitable 
for detailed study. The 7 omitted died or 
sustained leg or spine fractures, and were 
not included in anv of the calculations. 


RESULTS 


The measured lengths of the tibias of 
each animal for each month investigated 
were used to compute regression lines of 
right on left. The individual points fell very 
close to a straight line and, in fact, the 
values ot r (the correlation coefficient) were 
in excess of 0.9 for all animals but one. The 
slopes of these lines were calculated and 
were averaged for the x-ray group and for 
the electron treated group. These average 
slopes than were tested for significance, 
using Student's # The average slope of the 
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17 x-irradiated rabbits was 0.718 and the 
standard deviation, 0.114. For the 14 ani- 
mals in the อ group, these values 


were 0.087 and 0.094, respectively. This 
analysis shows a ก greater re- 


duction in tibial growth rate ( right versus 
left) in the x-irradiated bones than in the 
electron-irradiated (p « 0.001). 

The analysis of the data given above was 
performed by computing individual regres- 
sion lines for each rabbit and then averag- 
ing the slope coefficients. For clarity of 
visual presentation, the regression lines 
fitted to the average lengths measured each 
month are shown in Figure 3. The two 
methods gave results which were in close 
agreement. 

Foot shortening was not measured but 
the pattern corresponded to that of the 
tibias. The muscle mass of the right hindleg 
in Group 1 animals was reduced (Fig. 4). 
Group n rabbits showed no appreciable 
change in this regard. 

Genu varum developed in both groups, 
of slight degree in Group 1, but more 
obvious in Group 11, where 3 of 15 animals 
had ro to 15 degree เห ภา ร ด (ไห ขะ 84), 
These clinical observations were confirmed 
by measurements made on the roentgeno- 
grams. The change was coupled, in some 
Group n rabbits, with an internal rota- 
tional deformitv of as much as 25 degrees. 
These alterations induced in the electron 
irradiated group were seen in exaggerated 
form in the rabbit given 2,000 rads, which 
developed pronounced genu varum deform- 
ity with marked (70 degree) internal rota- 
tion at the knee. Group 11 animals showed 
an additional growth disturbance in that 
the normal sinuous curve of the rabbit tibia 
was straightened, thus accentuating the 
genu varum (Fig. $). 

The animals in both groups lost hair 
along the medial aspect of the irradiated 
limb. The epilation, never pronounced, 
reached its maximum in the second month 
and was more conspicuous 1n Group 11 than 
in Group t. Complete regrowth of hair was 
evident in all animals by the fourth month. 
*rythema and other evidences of radiation 
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reaction were of no consequence at any 
time. 

The growth of the rabbits proceeded 
equally in Groups 1 and rn. The average 
weight at the time of sacrifice for each of 


DISCUSSION 


The inhibition of bone growth by the 
x-irradiation of epiphyses has been well 
documented, experimentally and clinically. 
In rabbits, this effect was demonstrated 
many years ago by Brooks and Hillstrom,' 
while Barr ez alt showed similar results in 
dogs. Bisgard and Hunt? have shown in 





lic. 4. Roentgenogram of x-irradiated rabbit made 
6 months after delivery of 1,000 rads to the soft 
tissues of the right hindleg. There is shortening of 
the right lower hindleg and foot and diminution of 
muscle mass as compared to the left side. Minimal 
genu varum deformity also is present, as well as 
less sinuosity of the tibial shaft. The genu varum 
and sinuosity of the right (irradiated) tibia are 
similar to those of the younger animal of Figure 2. 
The unirradiated tibia shows the increase in 
sinuositv and genu valgum due to age. 


Disturbance in Bone Growth 


1135 





Fis. $. Roentgenogram of postmortem dissected 
specimens of the hindlegs of electron irradiated 
rabbit 6 months after delivery of 1,000 rads 
medially to the soft tissues of the right hindleg. 
A comparison with the unirradiated left side shows 
pronounced genu varum deformity and straight- 
ening of the normal sinuous tibial curve. There 
is also some shortening of the right hindleg. 


rabbits similar in age to those ๐ 1 the present 
experiments that single exposures of 200 r 
can cause histologic changes in the epi- 
physeal cartilage. A dose of 400 r to the 
entire extremity, however, was the minimal 
dose required to cause grossly measurable 
inhibition of bone growth. Hinkel’ showed 
in rats that a Soo r exposure of an area § 
mm. in diameter at the knee was the min- 
imal dose which caused measurable growth 
retardation. 

In the cited experiments bone shortening 
as a result of x-irradiation was noted by all, 
but no deformities were mentioned except 
by Hinkel,’ who found bowing in 2 rats. 
These animals received doses of 1,000 and 
1,500 r, respectively, delivered through a 
medial portal. He ascribed the bowing 
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either to a direct effect on the epiphysis or 
to "changes secondary to modified muscle 
stresses and mechanical imbalance caused 
‘by the short leg, per se." No reports were 
found in the literature concerning the 
growth disturbance produced by electron 
. irradiation. 

In the presently reported series the asym- 
metry of inhibition of bone growth caused 
by electron irradiation resulted in appreci- 
able deformity, although it did not influ- 
ence greatly the growth in length of the 
exposed bones. The portion adjacent to the 
soft tissue which received peak dosage was 
most affected, while that on the opposite 
side was virtually unaffected. The genu 
varum deformity, while not severe in 
rabbits receiving 1,000 rads, was pro- 
nounced in the single animal receiving 
2,000 rads. With the higher dosage required 
for the treatment of malignant diseases in 
children, undoubtedly even more severe 
deformities would result. With the use of a 
single portal, the effects on the one side of 
the epiphysis might well lead to marked 
inhibition of bone growth, while the other 
side of the epiphyseal cartilage would re- 
ceive only Bremsstrahlung and thus remain 
virtually unirradiated. 

X-irradiation of the growing epiphysis 
produced mainly a uniform shortening 
with very little genu varum deformity. 
Bowing similar in degree to that described 
by Hinkel’ in rat femurs was not seen 1 ท 
any of our animals. We believe that the 
minimal change we noted in the tibial 
curvature was the result of two factors: the 
slight difference (5 per cent) in dose dis- 
tribution across the epiphyseal plate and 
the underdevelopment of the x-irradiated 
bone (Fig. 4 and 5). , 

The muscle mass on the x-irradiated side 
was found to be reduced in Group 1 rabbits. 


This could have been the result of disuse: 


and underdevelopment occasioned by the 
bone shortening, but the reduction seemed 
out of proportion to the degree of shorten- 
ing. We believe this to be the result of 
direct x-ray effects on soft tissues, and will 
report more on this subject in another com- 


D’Angio, Jung, Wright and Cohen 


May, 1964 


munication. The study by Rubin and his 
colleagues! supports this view. They irradi- 
ated the epiphyses, the diaphyses or the 
metaphyses of the tibias and femurs in 
growing rats, and compared the effects with 
those produced bv irradiation of the entire 
bone. While their study was concerned with 
the aberrations of skeletal development 
which resulted, it is noteworthy that in 
their illustrations the reduction in muscle 
mass appeared to be independent of short- 
ening. The governing factor would appear 
to be the amount of muscle, not bone, 
which was irradiated. Asymmetric soft tis- 
sue changes may also have had a causative 
part in this deformity and in the loss of the 
normal sinuous curve noted in the Group 
II animals. 

The main objective of our experiment 
was to determine the effects of electron 
irradiation of soft tissues contiguous to 
growing bone where exposure of the bone is 
an accompaniment of the therapy. These 
were compared to those produced by x-ir- 
radiation where an identical dose was 
delivered to the soft tissues adjacent to 
bone, using a similar treatment portal. The 
results show that pronounced abnormalities 
can be occasioned by either form of treat- 
ment. Since correction of a uniformly short- 
ened bone is less complicated than that of a 
bowed or otherwise deformed limb, ortho- 
pedic considerations should be prominent 
among the factors weighed when radiation 
therapy modalities are being considered 
for children. 


SUMMARY 


The effects of high energy x-irradiation 
and electron irradiation on the growing 
knees of young rabbits were compared 
experimentally. The principal abnormality 
in those animals receiving x-irradiation was 
shortening of the treated limbs, while in 
those irradiated with electrons, it was genu 
varum. 

Giulio J. D'Angio 
The Children's Hospital Medical Center 


3 ๐ ๐ Longwood Avenue 
Boston 15, Massachusetts 


ADDENDUM 


Since the submission of this manuscript, 
D'Axcio, G. J., GOTTSCHALK, A., and 
Lyman, J. T. (unpublished observations) 
have established the density of 4 week old 
rabbit distal femurs including the epiphy- 
ses as 1.22 gm./cc. This results 15 no 1m- 
portant corrections in the shape of the 
curve shown in Figure 1. 


We wish to acknowledge with gratitude the 
assistance of the Misses Yvonne Bishop and 
Barbara L. Brown for preparing the statistical 
portions of this paper. 
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A FLUOROSCOPICALLY CONTROLLED ADJUSTABLE 
MIDLINE LOCALIZER FOR STEREOTAXIC 
SURGERY* 


A MODIFICATION 





| OF THE GUIOT-GILLINGHAM TECHNIQUE 


By 5. DAVID ROCKOFF, M.D., M.Sc. (nabtoLocv),f 


#3 


BETHESDA, MARYLAND 


NTIL it was shown by Mevers!? that 

surgical interruption of the pallidofugal 
fibers could modify the rigidity in the treat- 
ment of Parkinsonism, surgical treatment 
of dvskinesias had been largely confined to 
interruption of corticospinal pathwavs, the 
results of which were hazardous and not 
encouraging. The introduction of the 
stereotaxic apparatus In 1947 by Spiegel 


et al eliminated. the formidable and 
more hazardous open operative ap- 


proach. Since that time, many other 
stereotaxic techniques have been de- 
veloped. 2202841718 Most of these pro- 
cedures require a stereotaxic pneumoen- 
cephalogram to relate midline structures to 
external markers. Also, the treatment probe 
is usuallv put into place as a separate stage 
at alater time. 

Manv attempts have been made to sim- 
plify the stereotaxic technique of treating 
dyskinesias. Unfortunately, attempts at 
simplification. frequently are accompanied 
by loss of accuracy in the placement of the 
treatment probe. On the other hand, those 
methods where accuracy is preserved are 
usually attended by a series of procedures 
entailing prolonged and tedious maneuvers 
using complex and cumbersome apparatus. 

The Guiot method,? as modified and ap- 
pled by Gillingham,’ appears to be among 
the simplest of stereotaxic procedures 
which preserve accuracy.* However, it has 


* The Guiot-Gilingham stereotaxic apparatus which was 
modified is available from Allen and Hanbury Co. Ltd., London, 
England, 


been found by us to be a relatively time 
consuming procedure in which the lesion 
cannot be made closer than 15 mm. to the 
midline. It is often preferable to make the 
lesions as close as 11 mm. to the midline.’ 

In an attempt to make stereotaxic treat- 
ment of dyskinesias a simpler, shorter and 
more flexible procedure without sacrificing 
accuracy, we have modified this technique. 
The surgical preparation and placement of 
the therapeutic probe is now carried out in 
one stage, allowing the lesion to be made 
virtually anywhere within the brain, as 
close as 1 cm. to the midline and without 
loss of accuracy. 


METHOD 


The patient is first taken to the operating 
room where the following procedure is 
carried out under local anesthesia: 

1. The approximate midline is deter- 
mined by placing a silk thread from the 
glabella to the 1 ท า ว ท over the scalp in the 
sagittal plane. Through small scalp in- 
cisions the specially designed base plates 
for the stereotaxic instrument (Fig. 1, 4 
and B) are screwed to the skull in the mid- 
line; one in the frontal region, one at the 
vertex and one in the occipital region. It 
Is important that the long axes of the base 
plates be as perpendicular to the sagittal 
plane of the skull as is possible. A graduated 
sliding bar (Fig. 1.7) is then inserted into 
each of the base plates. Attached to each 
bar is a turret with (a) a hole to receive a 
wire, and (b) a ball and socket joint to 


* From the Diagnostic X-ray Department, Clinical Center,t the Branch of Surgical Neurology, Institute of Neurological Diseases 
and Blindness, T and the Instrument Engineering and Development Branch, Division of Research Services, National Institutes of 


Health, Bethesda, Maryland. 
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Fic. 1. Disassembled adjus 
sachet joint. Also shown are the straight and 
Assembled adjustable midline localizer. 


receive the midline Guiot frame. A separate 
length of wire (Fig. 1.7) 1s then inserted 
into the holes in each of the three turrets 
and secured. The anterior end of the frontal 
wire is bent at a right angle, and a metallic 
ball is attached to the posterior end of the 
occipital wire so that during fluoroscopy, 
the wires can be identified. The wires are 
made of .og4 gauge tempered stainless steel 
piano wire and are not malleable. Curved 
and straight wires were made to conform to 
varving configurations of the skull. Figure 
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table midline localizer showing screw, base plate and sliding bar with bail and 
curved wires for 


sertion into turret of sliding bar. (5) 


2,1 shows the adjustable midline localizer 
ittached to a patient. 
2. A parasagittal frontal burr hole is 


fM 


made and a ventricular catheter is in- 
serted, through which contrast material 


and air will be introduced into the lateral 
ventricles (Fig. 2, 4 and B). 

3. À posterior “parietal | incision and a 17 
mm. burr hole, for subsequent insertion of 


> * 


the treatment probe, is made on the side 
which is to be treated. It has been tound 
that the approximate location of this burr 





Pig. 2. G7) Adjustable midline localizer attached to s 
in place 


* 


localizers to the midline. 


skull of patient. Note the frontal ventriculostomy tube 
(B) Frontal fluoroscopic roentgenogram made during the process of adjusting the wires of the 


I14O 


hole should be 8 to g cm. above the external 
occipital protuberance and 1.5 cm. off the 
midline. In order to allow more latitude for 
the introduction of the probe, the anterior 
and posterior lips of the burr hole are re- 
moved with bone forceps approximately 
§ mm. in each direction. If the external 
occipital protuberance cannot be palpated, 
the location can be determined from the 
plain skull roentgenograms. While it is 
frequently advisable to have made a rou- 
tine pneumoencephalogram as a screening 
procedure, it is not necessary for the modi- 
hed method of stereotaxis being described. 
The wounds are closed in one layer and a 
light dressing is applied. 

The patient is then moved from the 
operating table to a chair adapted to our 
roentgen image intensification equipment. 


The chair also allows for the attachment of 


a special head holder for patients with 
violent head movements. With the patient’s 

head flexed, 20 cc. of air is exchanged with 
cerebrospinal fluid through the catheter in 
the frontal burr hole. If the head is ex- 
tended, and then quickly flexed, air is fre- 
quently trapped in the posterior part of the 
third ventricle, which outlines the posterior 
commissure (Fig. 3 4, P.C.). Three cubic 


© 


Vic. 3. Gf) Lateral fluoroscopic roentgenogram showing the posterior commissure (P.C 
and the anterior commissure (A.C.) outlined with pantopaque. 
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centimeters of pantopaque are then intro- 
duced through the same catheter with the 

head flexed. With the head inclined shghtly 

to the side opposite the ventricle containing 
the pantopaque, the head is slowly ex- 
tended while the patient is viewed fluoro- 
scopically in the lateral projection. This 
maneuver will generally All the third ven- 
tricle with pantop: ues outlining the ante- 
rior commissure (fig. 3.7, A.C.). Tf the air 
failed to outline the 0 commissure 
in the first maneuver, further extension of 
the head will generally outline the posterior 
commissure as the pantopaque reaches the 
aqueduct (Fig. 37). Polaroid and conven- 
tional lateral fluoroscopic spot roentgeno- 
grams are taken to record these landmarks. 
The patient is then put into the frontal 
projection and the head is rotated until the 
third ventricle, which is outlined with 
pantopaque, and the septum pellucidum, 
which is outlined with air, are "T 
perpendicular to their long axes. 
are then adjusted under กา con- 
trol until thev coincide with the long axis of 
the third ventricle (Fig. 28). When the 
wires are in the midiine, a set screw on each 
base plate is tightened (Fig. 1, 4 and B). 
This prevents the sliding bars which hold 





J outlined with air 
(B) Lateral fluoroscopic Polaroid roent- 


genogram showing A.C.and P.C. outlined with pantopaque and the A.C.-P.C. line indicated. 
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Fic. 4. (4 and B) Guiot-Gillingham frame attached to adjustable midline localizers, 
after the midline has been established. 


the wires from moving out of place. The 
position of each of the bars is recorded from 
the gauge markings on them (Fig. 1, 4 and 
B) so that the same settings can then be 
used to find the midline if the other side of 
the brain is to be treated at a later date. 

The median frame of the Guiot-Gilling- 
ham apparatus is now fixed to the ball and 
socket joints on the sliding bars (Fig. 4, 
A and B). The remainder of the procedure 
is as described by Guiot,’ Gillingham e al," 
and Donaldson and Gillingham.* While the 
patient is being fluoroscoped in the lateral 
projection, external localizers, which indi- 
cate the angle of approach of the treatment 
probe to the target point, are positioned 
(Fig. 48). Fluoroscopic spot roentgeno- 
grams are made to determine the position 
and approach angle of the external local- 
izers to the target point relative to the line 
connecting the anterior and posterior 
commissures (A.C..P.C. line). When the 
positioning is satisfactorv, the depth that 
the treatment probe is to be inserted to 
attain this position is measured from the 
external localizers. 

The treatment probe, which in our hands 
is currently an indwelling depth electrode, 
is introduced through the line of incision 
over the posterior parietal burr hole and 


passed through the parietal lobe, the tri- 
gonal region of the lateral ventricle, the 
pulvinar of the thalamus, and into the tar- 
get point (the region of the ventral lateral 
nucleus). It has been our experience that if 
the placement of the electrode 1s quite good 
and the patient is one who is likely to 
respond readily to the treatment, one fre- 
quently sees improvement in the clinical 
state of the patient simply with the inser- 
tion of the electrode into the thalamus. The 
depth electrode is attached to the skin and 
the apparatus 1s removed. Roentgenograms 
are made of the final position of the depth 
electrode (Fig. 5, Æ and B). The patient is 
returned to the operating table where the 
incisions are cleaned, the frontal catheter 
removed, and the wounds closed. During 
the following week, repeated sessions of 
stimulation and recording via the depth 
electrode are carried out. This determines 
the accuracy of the electrode placement 
according to physiologic criteria. A lesion 
is then gradually made over a period of 
several davs with electrocoagulation. The 
depth electrode is not removed until the 
maximal therapeutic benefit 15 obtained, 
which is usually within 7 to 10 days. 

In order to obtain the roentgenograms 
for localization in the shortest possible 
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time, we have constructed a special frame 
on the fluoroscope so that the Polaroid cas- 
sette can be dropped quickly into place for 
spot filming. The processing time of less 
than 30 seconds per film with the Polaroid 
technique, as compared with 7 to 1 ๐ min. 
utes per film bv conventional techniques, 
saves 30 to 60 minutes during the pro- 
cedure. To facilitate the use of the Polaroid 
films in localization, a horizontally posi- 
tioned view box is used and a piece of 
transparent celluloid is placed over each of 
the Polaroid films obtained. By tracing 
anatomic structures onto the transparent 
celluloid, and then placing this over each of 
the subsequent Polaroid films, the relative 

relationships of the pertinent anatomic 
landmarks can be determined. In order to 
for geometric distortion, ส 
aan and a roentgenogram are taken 
with. an CBE centimeter Bee. att: iched 


The results of the use of this technique, 
which have been very encouraging, and the 
clinical details will be reported separately ; 
In selecting the position where the lesion is 
to be made, current neurosurgical opinion 
holds that the region of the ventral lateral 
nucleus of the thalamus is the area of the 
brain which, when destroved, leads to the 
most satisfactory alleviation of dvskine- 
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sias. 5*5 This area can most closely be 
approximated by coordinates estimated 
from the A.C..P.C. line (Fig. 38). We have 
been making « i lesion Just above and on 
the A.C.-P.C. line at the junction of the 
posterior and middle thirds, 11 to 15 mm. 
from the midline. Theilscations were chosen 
on the basis on the anatomic work of Van 
Buren and Macev bbin,” and Hassler.? 

There is now mounting evidence of the 
safety of pantopaque in the cerebrospinal 
fluid pathways. It has been used clinically 
for many years, usually without sequelae in 
both the spinal! and ventricular? cerebral 
spinal fluid spaces. In addition, a recent 
experimental study in dogs has Showa no 
effect on the ependy ma after as long as 6 
months of continuous contact with panto- 
paque. The arscknroidalinflammation which 
did occcur was transient, healed with resi- 
dual fibrosis within the pia arachnoid only, 
and caused no changes in the bate 
brain parenchyma.” 


SUMMARY 


A fluoroscopicallv controlled method for 
the stereotaxic treatment of Parkinsonism 
and other dyskinesias, modifying the 
Guiot-Gillingham technique, is described. 
The procedure is RU in one rela- 
tively short and simple stage, and allows 
increased flexibilitw in the positioning of 
the treatment probe. This method is of 





Fic. $. G4 and B) Roentgenograms made after placement of the depth electrode. 
A = a 3 i 
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special interest to the radiologist since in 
it, he is an integral member ot the surgi- 
cal team. 

S, David Rockoff, M.D. 

Diagnostic X-ray Department 

Clinical Center 

National Institutes of Health 

Bethesda 14, Maryland 


The role of Mr. Leonard Aberbach, Medical 
Electronic Technician, National Institutes of 
Health, in the design and construction of the 
Polaroid cassette holder for our fluoroscope 1s 
gratefully acknowledged. 
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A NEW SOMERSAULTING CHAIR FOR CEREBRAL 
PNEUMOGRAPHY* 


By D. GORDON POTTS, M.D., and JUAN M. TAVERAS, M.D. 
NEW YORK, NEW YORK 


ANY different forms of support have 

been used for patients during ventricu- 
lography and  pneumoencephalography. 
Some departments seat the patient back- 
wards on an ordinary chair and then trans- 
fer him to a couch for the prone and supine 
roentgenograms. Robertson? described a 
chair, devised by Wilson, that is jointed so 


footpiece raised to convert it into a 
stretcher and Lindgren? described a more 
versatile type of convertible chair-couch 
for use during encephalography. A detach- 
able support for use on an ordinary hospital 
stretcher during lumbar encephalography 
was used by Scott. Taveras’ described an 
axial rotation table which can be used for 
prone, supine, or lateral recumbency roent- 
genograms. 

Somersaulting techniques have been 
used for many vears in some departments 
for children having pneumoencephalog- 
raphy or ventriculography, but the mechan- 
ical problems of somersaulting a heavy 
patient limited its use in adults. Garcia 
Oller? devised apparatus which enabled an 
adult patient to be somersaulted com- 
pletely in a forward or backward direction, 
and this provided an efficient method of 
manipulating the air into the different 
parts of the ventricular system, but unfor- 
tunately the large circular metal supports 
excluded the use of a standard skull roent- 
genographic table. Amplatz! used a chair 
in which a patient could be somersaulted 
or turned into the lateral recumbent posi- 
tion, but it also was not ideal for use with 
the skull roentgenographic table. 

A chair was designed at the Neurological 
Institute, New York, which enables the 
patient to be somersaulted as manv times 


as necessary in a forward or backward 
direction. during pneumoencephalography 
or ventriculography. This chair may be 
used in conjunction with a Franklin or 
similar skull table. This chair has now been 
used for over 1,500 studies and it has 
proved a convenient and efficient method of 
manipulating air into all parts of the 
ventricular system or subarachnoid spaces, 
and it eliminates most of the heavy lifting 
usually associated with these studies. 


DESCRIPTION OF THE CHAIR 


The chair is mounted on 4 wheels and 2 
ot these wheels run on a metal rail which 


it is always centrally placed in relation to 
the skull table Bucky grid. It is rotated 
around a horizontal axis by an electric 
motor or a handle which turns it through a 
reduction gear. In addition to this somer- 
saulting motion, the chair may also be 
rotated around a vertical axis. The back of 
the chair and the footrest are both adjust- 
able to accommodate tall or short patients, 
and behind the patient's lumbar region is a 
large defect in the chair through which a 
lumbar puncture may be performed. The 
patient's head may be immobilized bv a 
head clamp attached to the skull unit or by 
a radiolucent head holder attached to the 
top of the back of the chair. 


USE OF THE CHAIR FOR 
PNEUMOENCEPHALOGRAPHY 


When loading the patient into the somer- 
saulting chair, it is first brought into the 
erect or sitting position and the stretcher 
on which the patient ts lying is brought in 
line with the chair so that the head end of 
the stretcher is adjacent to the front of the 


* From the Department of Radiology, Columbia University College of Physicians and Surgeons, and the Radiological Service of 
the Neurological Institute, Columbia-Presbyterian Medical Center, New York, New York, 
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chair. The patient is then brought into the 
sitting position on the stretcher and moved 
backwards until he is sitting in the chair. 
The stretcher is removed and the legs 
d to flex. at the E to bring i feet 


position and D า IS W ed E up to the 
skull unit until the patient's torehead 1s 
resting on the Bucky grid (Fig. 1). At the 
Neurological Institute, New York, the head 
is held in position by a selt-centering head- 
holder, one side of which forms a film holder 
for TIN roentgenograms and the other 
side is a lucite plate. The lumbar puncture 
is performed in this position and filling of 
the ventricular system and subarachnoid 
systems 1$ achieved in the usual way, the 
degree of filling being checked by polaroid 
films. Posteroanterior and lateral roentgeno- 
grams are taken at every stage in the frac- 
tional technique, and if necessary, lateral 
autotomograms are also made. A ceiling- 
mounted tube is used for all ot the lateral 
roentgenograms and the skull table is used 
for all anteroposterior or posteroanterior 
roentgenograms. When the ventricular sys- 
tem and subarachnoid spaces are ade- 
quately filled with air, the patient is moved 
awav from the skull unit and. turned into 








1. Patient in sitting position during 
pneumoencephalography. 
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2. Supine or "brow-up' position. 


Fic. 


the supine or brow-up position. The chair is 
rotated through 180° on its vertical axis and 
it is then moved toward the skull unit until 
the patient's head is lving centrally on the 
Buckv grid (Fig. 2). Exposures in antero- 
posterior, lateral, and Towne projections 
are made at this stage. If the anterior end 
of the third ventricle is not filled in this 
position, the chair is tipped down a little, or 
the head is extended into a hanging-head 
position and a coned lateral roentgeno- 
gram is obtained. The patient is now 
brought up into the sitting. position. and 
then over into the prone or brow-down 
position and the chair again rotated 180° on 
its vertical axis to bring the head onto the 
skull table (Fig. 3). Posteroanterior, re- 
verse Towne, and lateral roentgenograms 
are then obtained. The back of the third 
ventricle and fourth ventricle probably will 
not be visualized when the maneuver is per- 
formed in this wav but these are usually 
seen on the roentgenograms made in the 
sitting position. If these parts of the ven- 
tricular svstem have not been clearly 
shown, the method described below for 
ventriculography should be used. In order 
to fill both temporal horns at the same 





Fic. 3. Prone or “brow-down” position, 


time, the patient is manipulated from a 
brow-down position through the upside- 
down position into the brow-up or supine 
position, that is, he performs a forward 
somersault. Orbital, Towne and stereo- 
lateral roentgenograms are then made. For 
stereolateral roentgenograms a cephalo- 
caudad tube shift is used so as to separate 
the two temporal horns which are both 
simultaneously filled bv the forward somer- 
sault (Fig. 4, 4-D). In most cases this 
series of manipulations will give complete 
visualization of the lateral ventricles, but if 
very little air is present in the ventricles, 
the number of positions of the patient mav 
be increased to demonstrate areas not al- 
readv shown. The lumbar puncture needle 
may be left เท position throughout all of 
these manipulations and, if further air is 
required at any stage, it mav be introduced. 


USE OF THE CHAIR FOR 
VENTRICULOGRAPHY 
The patient is strapped in the chair in the 
same way as for pneumoencephalography 
and turned into the brow-up or supine posi- 
tion and anteroposterior, lateral and Towne 
roentgenograms are made. He is then 
moved through a complete forward somer- 
sault and brought into the supine position. 
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This fills the temporal horns without bring- 
ing the air into the region of the foramen of 
Monro and therefore no air is lost during 
this maneuver. Orbital, Towne, and stereo- 
lateral roentgenograms are then obtained. 
Next, the patient is brought into a sitting 
position to empty the temporal horns and 
then manipulated through a slow backward 
somersault into the brow-down position. 
This fills the posterior part of the third 
ventricle, the aqueduct, and the fourth 
ventricle. Exposures in the posteroanterior, 
reverse Towne and lateral projections are 
then made. Sometimes, after this manipula- 
tion the fourth ventricle is incompletely 
filled and its floor may be obscured by a 
fluid level. If this occurs an alternative 
maneuver may be employed. After empty- 
ing the temporal horns by bringing the 
patient into the sitting position, he is taken 
through a very slow backward somersault 
until he reaches the inverted position. Dur- 
ing this procedure the air bubbles slowly 
through the foramen of Monro into the 
third ventricle, aqueduct, fourth ventricle 
and out through the exit foramina of the 
fourth ventricle into the spinal subarach- 
noid space in the sacral region. If this 
maneuver Is performed very slowly and 
provided there is no obstruction to the 
cerebrospinal fluid pathway, most of the air 
can be manipulated from the ventricles into 
the spinal subarachnoid space. If the pa- 
tient is then brought into the prone or 
brow-down position and then verv slowly 
into the sitting position. with the head 
slightly flexed, the air will pass from the 
spinal subarachnoid space into the cisterna 
magna and gradually fill the ventricular 
svstem in the same way as during pneumo- 
encephalography. This manuever will usu- 
ally give complete filling of the fourth ven. 
tricle and aqueduct without a fluid level. 
If, during ventriculography, it is desired 
to manipulate the air into the basal cis- 
terns, the air is manipulated into the spinal 
subarachnoid space by the method de- 
scribed above and then the patient is 
brought into the brow-up or supine posi- 
tion. From this position he is brought verv 
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Vic. 4. Routine roentgenograms of temporal horns when both are filled simultaneously: 7) Orbital, 
t5) Towne, and (C and D) stereolateral studies. 


quickly into the sitting position with his 
head extended. After about 10 seconds the 
head is flexed and roentgenograms are ob- 
tained. The burr holes for ventriculography 
may be placed in the operating room, but 
the ventricular puncture may be carried 
out in the radiology department with the 
patient in position in the somersaulting 
chair. 








ADVANTAGES OF THE PRESENT 





TECHNIQUE 


When lumbar encephalography is being 
performed, the needle mav be left in place 
with the patient in any position. [t is, 
therefore, possible to obtain complete fill- 
ing of the entire ventricular svstem without 


air in the subarachnoid systems. At the 
conclusion of the ventricular study with the 
needle still in position, the subarachnoic 
spaces may be filled and studied. This is 
particularly valuable when a lesion in the 
suprasellar region is suspected. In such 
cases about 20 cc. of air may be injected 
into the ventricular system in the usual 
way and then the patient is slowly brought 
down into the supine or hanging-head posi- 
tion so that the anterior end of the thirc 
ventricle may be visualized. In this manner 
roentgenograms of the third ventricle mav 
xe obtained without air in the basal cis- 
terns to obscure minor changes in this re- 
gion. The patient then can be brought back 


m 
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Fic. 6. Almost complete filling of the third ventricle 
during ventriculography in a case of aqueduct 
stenosis (arrow). 


into the sitting position and the basal cis- 
terns are filled by injecting more air with 
the head extended. 

It has been found an advantage to have 
both temporal horns filled simultaneously 
so that the two sides may be compared, and 
this more than outweighs the disadvantage 
of having the two temporal horns partly 
superimposed on lateral roentgenograms. 
The chair has increased the speed with 


D. Gordon Potts and J. M. Taveras 


May, 1964 
which air studies may be performed, par- 
ticularly if polaroid films are used to check 
the degree of filling in the early stages. The 
somersaulting manuever 1s well tolerated 
bv almost every patient and the method 
seems particulariv valuable in cases where 
the patient has any type of respiratory 
difficulty. Such a patient mav become quite 
cvanosed when lving in the prone position 
on a conventional support to obtain brow- 
down roentgenograms, but, when the chair 
is used, the weight of the bodv is taken on 
the shoulders and the chest is able to move 

freely. On rare occasions when lateral 
recumbency roentgenograms are required, 
the shoulder straps are loosened with the 
patient in the supine position and then the 
head can be brought into the necessary 
position. without difficulty. The increased 
efficiency of air manipulation i into different 
parts of the ventricular system by somer- 


saulting methods enables satisfactory 
studies to be obtained with a smaller 
quantity of air than P con PN al 
methods (Fig. $ and 6, 4 and B). These 


methods have eliminated the need for the 
technique of central ventriculography 
recommended by Azambuja ef al? who 
placed a catheter directly in the enlarged 
third ventricle. 





Fic. 


tomogram a nd 


6. Dandy-Walker syndrome demonstrated on ventriculograms. Only 
all of the air was manipulated into the greatly enlarged fourth ventricle 


20 cc. of air was introduced and 
G1) Brow-down lateral auto- 


(B) forward hanging-head lateral study. 
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SUMMARY 


A somersaulting chair for use in cerebral 
air studies is described. The manipulations 
required to demonstrate different parts of 
the ventricular svstem and the subarach- 
noid spaces are discussed. The advantages 
of this method of performing cerebral 
pneumography are presented. 

D. Gordon Potts, M.D. 
Columbia-Presbyterian Medical Center 
622 West 168th Street 

New York 32, New York 
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"G CHAIR FOR 


By KENDRICK C. DAVIDSON, M.D. 


KANSAS CITY, KANSAS 


RES ENTLY  Amplatz! described a 
AX somersaulting chair for holding pa- 
tients during pneumoencephalography 
which, because of the feature of 360 degrees 
forward or backward rotation, 15 particu- 
larlv useful for re-positioning air in the 


Fic, 1, Anterior oblique view of chair with an adult 
model in place. Crank is labeled “A.” 


ventricular svstem from the spinal suba- 
rachnoid space and for distributing alr 
throughout the ventricular system itself. 
Use of the chair enables one to hold anes- 
thetized or conscious patients easily during 
the entire procedure. Recently, a motor 
driven chair* was purchased with similar 
features which is patterned after the 


* The Mutural Corporation, Yonkers, New York, Available 
from Picker X-Ray Corporation, White Plains, New York. 





original chair developed by Dr. D. Gordon 
Potts and associates of Neurological In- 
stitute, New York, New York. This chair, 
like that of Amplatz, holds the patient 
securely and is capable of 360 degrees for- 
ward and backward rotation (Fig. 1 and 2), 
allowing the filling of various portions of the 
ventricles and subarachnoid cisterns. 

The chair has been modifed at our 
institution for use with infants, children, 
and adults. A pediatric chair is provided | 
upon purchase of the main unit which can 
also be altered to advantage. Figure 3 
shows the reinforced chair "A" and a 
specially built bracket "B" with slots of 
varying height in which the chair is secured 
beneath the head holder. Figure 4 shows 
the chair in place during an actual pneumo- 





Fic. 2. Posterior oblique view of the chair, De- 
tachable tomographic handle is labeled “B.” 
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encephalographic study of a 2 vear old 
child under general anesthesia. 

device has been changed from its original 
construction to allow fixation of the head 
matic plastic sponges. For adult patients, 
final control of the head is achieved by an 
adjustable canvas webbing chin and tore- 
head support. The entire back support and 
attached head holder unit are adjusted to 
the patient’s height by a worm gear eleva- 
tor operated from the back of the chair. 
The patient's skull is anchored securelv in 
the head holder bv adjusting the canvas 
harness, and bv turning a single detachable 
crank labeled "A" in Figure t, which oper- 
tates the two lateral panels of the head 
holder through a gear and turn screw 
arrangement. Individual films are inserted 
for exposure in slots fixed to the various 
panels of the head holder. For this purpose, 
regular cassettes are used in combination 
with a thin, detachable, parallel line 8 to 1 
ratio grid of 110 lines per inch construction. 
There is just room in each film slot of the 
head holder unit to accommodate a film and 
a grid, so that they stay in place when the 
patient is inverted in the chair. This 
arrangement overcomes the cost of grid 
front cassettes. Figure $ is a routine up- 
right anteroposterior  pneumoencephalo- 
gram made of a 7 vear old child showing 


dilated ventricles. 





Vic. 3. Reinforced pediatric chair “A” 
and adapting bracket “B.” 


Chair for Pneumoencephalograph v 








Fic. 4. The chair in use during pneumoencepha- 
lography of 2 year old child under general anes- 
thesia, "A" is the image-amplifier used for visual 
monitoring of ventricular filling. 


Four large door stops of heavy construc- 
tion were added to further help anchor the 
chair base plate firmly during manipulation 
of the patient. With the base plate an- 
chored, the chair swivels 360 degrees about 
a central axis on castor bearings, permitting 


Fic. 5. A routine upright anteroposterior roentgeno- 
gram showing dilated air filled lateral and third 
ventricles in a 7 year old child under general 
anesthesia, 
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hic. 6. An autotomogram of the midline, slightly di- 
lated, air filled ventricles obtained by manual 
short arc rotation of the chair. 


the production of autotomograms of mid- 
line structures during pneumoencephalog- 
raphy and ventriculography. For auto- 
tomography, the roentgen-rav tube is 
aligned to an upright portable or wall 
mounted cassette holder containing a 
parallel line grid front film. To produce 
tomographic movement, the chair is set 
in motion by grasping the long detachable 
handle, labeled "B" in Figure 2. It is 
moved horizontally through a continuous 
arc of § cm.; 2.6 cm. on each side of midline 
position. This maneuver is carried out dur- 
ing the first phase of ventricular filling. An 
exposure is made with the patient's head in 
neutral upright position, during turning of 
the chair, resulting in a sagittal autotomo- 
gram of the third ventricle, aqueduct of 


Kendrick C. Davidson 
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Sylvius and fourth ventricle sharply por- 
traved without overlying air filled struc- 
tures, as shown in Figure 6. 

Ventricular filling can easily be moni- 
tored visually during pneumoencephalog 
raphy without the need for taking verifica- 
tion roentgenograms. This is done with an 
image amplifier-television system labeled 
“A?” in Figure 4 which is energized by 1-2 
second long exposures from the ceiling 
mounted roentgen-ray tube. For this pur- 
pose the roentgen-rav tube is operated at 
70 kv. and 10 ma. This viewing procedure 
also eliminates retake roentg 
which are necessary if ventricular nonfilling 
occurs. 


Fa 


A modified, motor driven, stable จ 6 ๐ 
degree somersaulting pneumoencephalo- 
graphic chair is described, which is adapt- 
able to anv age group patient, conscious or 
under anesthesia. Use of the chair greatly 
facilitates pneumoencephalography. The 
chair can also be used to advantage during 
ventriculography. 

Department of Radiology 
Presbyterian Hospital Center 
Albuquerque, New Mexico 





The author wishes to express thanks to Mr, 
Harold E. Wirth, Master Machinist, for his 
assistance with the modifications of the pneu- 
moencephalographic chair. 
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A VISUAL EXAME 





ATION OF 


LAMINAGRAPHIC 


SYSTEMS* 


By J. 


SAYRE, 





ODY.SECTION roentgenography is a 
special technique to visualize a prede- 
termined body zone or plane while blurring 
or effacing parts of the object outside the 
plane of interest. Any comparative study of 
different laminagraphic methods should, 
therefore, be primarily concerned with the 
physical characteristics and limitations of 
the blurring pattern. There are many fac- 
tors other than the moving tube-film system 
which affect the quality of any laminagram. 
Besio! lists approximately goo articles con- 
cerned with the technical qualities of 
laminagraphy but no articles printed in 
English are specifically devoted to an ap- 
praisal of the different blur patterns. In 
view of the ever increasing number of body- 
section devices and methods, it seems ap- 
propriate that this primary quality be 
separately examined and its effect upon the 
body-section roentgenogram be determined. 
The laminagram made with any device is 
a roentgen image of the focal plane plus 
three types of parasite shadows: inherent 
blur; the incomplete blur of parts of the 
object outside the focal point and those 
other extraneous shadows which are created 
by a summation effect within the blurring 
system. The present study is concerned 
with an examination of the basic blurring 
pattern of 4 laminagraphic systems, each of 
which is compared from 3 aspects: the 
significance of the blur, the origin and ex- 
tent of the summation effect, and the influ- 
ence of these physical characteristics upon 
the final laminagram. 


BASIC BLURRING PATTERN 


To examine the basic blurring pattern of 


any laminagraphic svstem and to separate 
the parasite shadows, one has but to remove 


* Department of Radiology, Guthrie C 
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the image of the focal plane and to create an 
image of any plane of the object outside of 
the focal plane, ie, to separate the blur 
from the focal plane image. To accomplish 
this end, a linear phantom was constructed 
of copper wire having a diameter of 0.010 
inch or a thickness less than the minimum 
thickness of the thinnest section available 
in any laminagraphic system. Two identical 
phantoms were constructed (Fig. 1, 4 and 
B), one of which was permanently located 
in the plane of focus and the other was 
mounted on a micrometer scale having a 2 
cm. excursion so that it could be positioned 
to represent any plane of the object outside 
of the plane of focus for a distance of 1 cm. 
on either side of that plane. The plane of 
focus and the other element planes of the 
object are then separate. Multiple roent- 
genograms of this phantom were made with 
4 moving tube-film systems; namely, linear, 


elliptical, circular and hvpocycloid. The 
resulting roentgenograms represent the 


basic blurring pattern of each laminagraphic 
system. 


MOVING TUBE-FILM SYSTEMS 


A general axiom of any laminagraphic 
system is that all parts of the object to be 
blurred which are perpendicular to the plane 
of section are maximally blurred or effaced 
while those parts of the object which are 
parallel to the plane of section are not 
blurred but are merely elongated. The ideal 
laminagraphic system then would be one 1 ท 
which the obscuring ray orginates from an 
infinite number of directions so that all 
parts of the object to be blurred would at 
some time be Der pun to the obsc un 


ination of the linear phonon on or F cm. 


Jinic Ltd., Robert Packer Hospital, Sayre, Pennsylvania. 
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lic. 1. Simple wire phantom with one pattern (.4) 
located in the plane of focus and the other (#) on 
a micrometer scale so that it can be located at any 
level within 1 em. above or below the focal plane. 
Locating phantom B outside of the plane of focus 
then separates the blur pattern from the image of 
the focal plane 4. "C" in the subsequent figures 
represents the focal plane image. 
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of displacement emploving a //zear move- 
ment shows this to be true (Fig. 2, Z, B and 
C). There is maximum blurring of those 
wires which are perpendicular to the obscur- 
ing ray, no blurring but merely elongation 
of the parallel wires with progressive blur of 
angled wires, and regularly progressive blur 
of the arcs. Further there is a difference in 
the blur pattern of the arcs of different 
radu. The blurring pattern of a linear 
laminagraphic system is a very irregular and 
incomplete blur. If we change the relation- 
ship of the phantom to the long axis of the 
obscuring movement, a different blurring 
pattern results which again ts related to the 
obliquity of the object to the obscuring rav. 
Therefore, the blurring pattern created by a 
linear tube movement is, in effect, depend- 
ent upon the orientation of the object in 
the linear blurring system. The blur pat- 
tern will always reflect the predominant 
direction of the obscuring movement. 

Progressing to an elliptical movement 
(Fig. 3, Æ and B), this latter feature is again 
reflected in the blurring pattern. With an 
ellipitical tube movement, an increased blur 
results because of the additional direction 
change of the tube-flm blurring system but 
the basic linear elements still prevail. 

A circular movement provides a very uni- 
form blur (Fig. 4). However, at the margin 





Fic. 2. The blur pattern of rear obscuring movements: longitudinal (1) transverse (B), and 
m ba 29) 3 3 
: Be 0 | . ORNS : 
oblique (6C). Focal plane image “C? on the left, 
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Fic. 3. The blur pattern of eliptical obscuring movements: transverse (,7) and longitudinal (7). Note the 
D. blur which results from the longitudinal element of this obscuring movement. Focal planeimage 


“C” on the left. 


of the blur a sharp cut-off line results and if 


the radius of the object to be blurred hap- 
pens to coincide with the radius of the 
obscuring movement, a talse shadow may be 
created by virtue of incomplete blur. As the 
separation increases, the blur pattern from a 
circular movement widens until the sharp 
cut-off margins fuse and create a pattern 
which is the mirror image of the object being 
blurred (Fig. 5, ./ and B). This phenome- 
non mav represent what has been referred 
to bv manv authors as a parasite shadow 
created by a summation effect. 

A uniform blur with a gradual fade at the 
margins of the blur pattern is seen with the 
hypocyclotd movement (Fig. 6) which most 
closely approximates the ideal obscuring 
movement; namelv, one which permits the 
obscuring ray to originate from an infinite 
number of directions. 

The shortcomings of a linear svstem can- 
not help but produce factitious shadows in 
the plane of focus which distort the actual 
image and lead to false interpretations. If 
the mobile phantom is reversed and super- 


imposed over the control at a level 0.5 cm. 
above the focal plane, then the simplest 
effect of anv element laminagram is seen; 
namelv, the influence of one element plane 
on the decl plane. In. Figure 7, the focal 





Fic. 4. Circular obscuring movement (36° circle). 


Note the uniform blur and sharp margin “cut- 
off” pattern. Focal plane image “C” on the left. 
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lic. 4. (4) 36° circle, 0.5 cm. separation. (B) 36° circle, 1.0 cm. separation. As the separation is increased 
with a circular obscuring movement the sharp cut-off patterns fuse (B) to form the mirror image of the ob- 


Ject to be blurred. "C" focal plane image. 
plane image "C" is a laminagram made 
with the hvpocvcloid movement. An accu- 
“ate image of the control is seen with the 
superimposition of minimal residual blur. 
The laminagram on the right exposes the 
pitfalls of linear laminagraphy. The incom- 

ete blur of the element plane outside the 
focal plane creates a new and false geometric 
image. 
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Fic. 6. Hypocycloid obscuring movement. Notice the 
uniform blur with an irregular blur extending out 
to the margins. Focal plane image “C” on the left. 








Fic, 7. Superimposition of the two wire phantoms, 
rsed and moved ๐ .6 em. out 


one of which is reve : 

of the plane of focus. The resulting image then 
equals the image of the focal plane plus the re- 
sidual blur. With the Avpocycloid movement C4), 
all elements of the phantom outside the plane of 
focus experience uniform blur and do not distort 
the image of the focal plane. With the /imear 
longitudinal obscuring movement (5), however, a 
new geometric pattern is created in the focal plane 
as the result of the incomplete blurring of the ob- 


ject plane. 
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Fic. 8. The focal plane of the sea shell C7) was physically sawed out of the center of the sea shell and the 
above image of the anatomic section was obtained employing a o? circle. The /inear longitudinal (B) and 
the /inear transverse (C) movements demonstrate the incomplete blurring of some septa zu the creation 

of factitious shadows in the central spiral. 


Summarizing, the direction ot the tube- 
film movement in any laminagraphic system 
is reflected in its blur pattern. A linear ob- 
scuring movement results in an unequal and 
irregular blur, an elliptical movement pro- 
duces increased but again unequal blur. A 
uniform obscuring results circular 
movements but this tube-film movement is 
prone to create summation shadows which 
result from the fusion of sharp cut-off 
shadows at the margins of this blur pattern. 
The hypocycloid movement with an angle 
of section of 48° produces the greatest and 
most irregular blur with the lowest poten- 
tiality to present residual blur or to create 
false shadows in the plane of interest. 

A body-section roentgenogram can thus 
be regarded as containing an infinite num- 
ber of laminagraphic planes each providing 
element laminagrams all of which are inte- 
grated in the final laminagram. A body- 
section laver may be defined, therefore, as 
that stratum containing all aise lamina- 
graphic planes from which element lamina- 
grams are produced that contribute to the 
sharpness ot the final image.’ 


VISUAL DEMONSTRATION 


To visually appreciate the effect of any 
laminagraphic system upon any element 
plane outside the plane of focus, the mov- 
able plane of this linear phantom was posi- 
tioned 1 cm. outside the plane of focus and 
moved into the focal plane and out for a 


distance of 1 cm. on either side at 0.2 mm. 
increments. A roentgenogram made at each 
level was then copied on 16 mm. film and a 
projection of this film strip provided a 
visual appreciation of the foregoing prin- 
ciples. 
SEA SHELL PHANTOM 

For practical purposes, however, laminag- 
raphy is always concerned with 3 dimen- 
sional objects and, hence, with the superim- 
position of infinite numbers of blur patterns, 
some of which may perform an obscuring 
function of their own. To examine this pos- 
sibility a phantom of 3 dimensions consist- 
ing of simple geometric design, yet of 
regular irregularities was chosen; namely, a 
sea shell of the genus Nautilus. The equi- 
angular spiral of ‘this sea shell demonstrates 
multiple arcs and direction changes of thin 
bony structure simulating the complexity 
of bony trabeculae yet with a simplicity 
which permits comparative examinations. 

A laminagram of the mid-portion of the 
sea shell was made with each of the 4 ob- 
scuring movements and the resulting lam- 
inagrams were compared to a plain roent- 
genogram of the focal plane which was 
physic ally sawed out of the center of the sea 





shell (Fig. 84). The linear longitudinal 
laminagram (Fig. 88) shows numerous 


extraneous shadows resulting from the in- 
complete blur, and in the most central por- 
tion of the spiral, which unfortunately is 
the most difficult part of the sea shell to 
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Pico 1. 
shadows which are undoubtedly the summation shadows resulting from the fusion of ihe cut-off margins 


of the circular component of this obscuring movement. 


| he eZiptical obscuring movement (4) gives a more uniform blurring; however 


, note the factitious 


A circular (36° circle) obscuring movement (B) 


produces the same effect; some of the septa carry a wider blur margin than others, probably incomplete 
blurring, because of coincidence of the radii of the septa and the obscuring movement. The Avpocycloid 


obscuring movement (C) presents uniform blurring with no factitious sh adows. 


roentgenograph, spiral septa appear in the 
laminagram, although, as evidenced from 
the anatomic section in Fig. 8.7, they were 
physically absent. Therefore, this obscuring 
movement has created factitious shadows in 
the focal plane which can lead to a misrepre- 
sentation of the actual structures of the 
focal laver. Similar but different shadows 


were created by changing the direction of 


the tube to transverse linear movement (Fig. 
8C). Thus, it does not seem likely that by 
using two linear movements the extraneous 
products of the linear system would be 
reduced, rather they would tend to increase 
the total number of parasite shadows. 

The elliptical movement would appear to 
give a better roentgen image of the focal 
plane (Fig. 9,7), but again it can be noted 
that, in the middle of the spiral, septa are 
seen running in both directions. Comparing 
these to the anatomic section (Fig. 8,7) it 
may be reasonably assumed that the circu- 
lar components of the elliptical tube move- 
ment have resulted in a summation effect 
which has produced mirror images of these 
septa. The same phenomenon is prevalent 
only more pronounced in the circular move- 
ment (Fig. 9B). The hypocycloid move- 
ment gives the most reliable roentgen image 
of the actual plane of focus with a minimum 
of extraneous shadows (Fig. 9C). 


HUMAN SKULL PHANTOM 


Although the blur patterns examined 
above are interesting, they may not neces- 
sarily be of clinical i importance. Perhaps the 
summation of the parasite shadows of all 
the element laminagrams has a canceling 
effect so that in the final laminagram the 
summation of the residual blur and the 
factitious shadows mav not be as significant 
as considered thus far. Ziedses des Plantes? 
suggests that the image formations of ana- 
tomic areas are not comparable to simple 
test objects and that the canceling effect 
may be noteworthy. To examine this pos- 
sibihty a human skull was embedded 
plastic and sectioned into multiple coronal 
layers each 2 mm. thick. The skull was then 


re-assembled with the addition of fiber 
spacers to accommodate for the loss of bone 


created by the saw cut. A plain plastic 
phantom was constructed of opal plastic 
dummies of each laver (Fig. 10, 4 and B). 
Then by substituting the dummy plastic 
lavers for anatomic layers, the influence of 
the blur pattern of any " section on 
the resulting laminagram could be studied. 
For example, only the anatomic section 
number 19, approximately through the pos- 
terior portion of the hard palate and the 
optic foramina, was chosen as the laver of 
focus and successive layers were added one 
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Fic. 10. A human skull 


at a time until this portion of the skull was 


completely reconstructed. The influence of 


the summation of the element laminagrams 
was then noted. Three films of each series 
were selected for photographic comparison. 
In the linear longitudinal movement (Fig. 
11, 4, B and C), even the addition of the 
first laver shows the influence of the incisor 


teeth and nasal septum. When one-half of 


the element lavers is added, this effect 
becomes more significant and when the en- 
tire group is added, the linear effect is verv 
striking and obscures and distorts much of 
the detail in the mid-portion of the lamina- 
gram. When the tube movement is turned 
go to a transverse o (Fig. E d, a 
because most of Hs uc. to be bionda 
are now perpendicular to the plane ot sec- 
tion. Incomplete blurring of those portions 
of the object which are parallel to the plane 
of section can still be seen; for example, the 
sphenoid ridges. An elliptical tube move- 
ment (Fig. 13, 44, B and C) shows a very 
decided improvement in the residual blur 
but again even in the first laminagram the 
shadows ot the teeth are showing and in the 
final laminagram the laminations of the 
phantom can be very clearly picked up. 
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(T) was sectioned into 2 mm. increments and re-assembled (B). 


These again represent the summation effect 
that was described earlier. The circular tube 
movement shows a better obscuring effect 
(Fig. 14, £, B and C). The teeth in Figure 
14,7 are only vaguely visualized and Figure 
14C, v when all the lavers have been added, is 
quite good. In the final series emploving the 
hypocycloid movement (Fig. 15, 4, B and 
C), the teeth are not recognized as such in 
anv of the lavers and the summation etfect 
of the laminations of the phantom is some- 
what less than it is with the circular move- 
ment. 


SUMMARY 


The composition of a body-section roent- 
genogram is a roentgen record of the 
shadows of the normal anatomic and patho- 
logic structures of the selected laver plus 
the parasite shadows resulting from the 
laminagraphic svstem. The form and extent 
of the latter shadows fall into two classifica- 
cations; 7.e., those which represent incom- 
plete blur of neighboring structures. and 
those which are created bv the summation 
of factitious shadows in the laminagraphic 
system. 

The effect of the factitious shadows upon 
the resulting roentgenogram is related to the 
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of phantom skull emploving a Zigear longitudinal obscuring movement. A is 


‘ 


Fro. ti. Three laminagram 

















composed of only 2 planes: the plane of focus 19 and one element plane "1". B includes 9 element planes 
to and the focal plane 19. C was made with all of the element planes | complete blur of the 
| s à matter of fact, is augmented throug succeeding sections. 











Fic. 12. GZ, B and C) A Zmear transverse obscuring movement demonstrate extraneous shadows 
3 ; í = : l i ; 
because the major bony elements to be obscured lie perpendicular to the plane of section. There is still 


incomplete blur of parallel bony elements, for example, the sphenoid ridges. 
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An elliptical obscuring movement shows more complete and more uniform blur. The 
a summation effect arising from the 
phantom skull. 


striated seen in C 1s probably 
of the laminations of th 


- e 


superimposition of the shadows 

















) obscuring movement effects more complete blur of element 
ag from a summation effect are more pronounced than with 





A circular (26° 
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layers; however, the laminations 
the elliptical movement. 
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puce o ui gud 6) 1 obscuring movement with uniform blur. The summation effect is not 
s marked as it was with the circular movement. 
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function of the obscuring movement. The study the usefulness of linear obscurin 
more closely the moving tube-film system movements in any direction is certamly 
corresp ;xonds to the theoretic ideal situation. limited. 
of having the obscuring rays arise from an -— 
ae : pi Department of Radiology 
infinite number of directions, the better is dene Packer Hospital 
the resulting laminagram. The results of the — Sayre, Pennsylvania 
4 obscuring movements studied would indi- 
rate that the hypocycloid movement pro- 
duces rhe most complete blur and the > fewes st i. Brsto, G. b: is ex ot Tatigr aphicus, Edizioni 
summation shadows to give a resulting QU VR Genova, 1960. . 

are I uA 2. EDHOLM, P. Tomogram, its formation and con. 
laminagram of high quality. The circular M es ป ป พ 

: E tent. Zefa radiol,, 1960, Suppl. 193. 

tube-film movement is s next, to be followed 3. Zrepses DES Phantes, B. G. Personal communi- 
bv the elliptical movement, and from this cation, 1963. 
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DIAGNOSTIC APPLICATIONS OF CLOSED-CIRCUIT 
TELEVISION IN NEUROROENTGENOLOGY* 


By COLIN B. HOLMAN 





» M.D., Section of Roentgenology, Mayo Clinic and Mayo Foundation 


ROCHESTER, MINNESOTA 


HE application of closed-circuit tele- 

vision techniques can extend and en- 
hance the diagnostic qualities of some 
roentgenographic examinations in a rather 
dramatic manner.’ The present investiga- 
tions, while representing only the initial 
efforts in this regard, seem to indicate that 
television should not be limited merely to 
its application as a medium of communica- 
tion. 

For years, as newer photographic tech- 
niques have been developed, thev have been 
applied in an effort to improve the diagnostic 
features of roentgenograms. Now that the 
television image has been improved suff- 
ciently to show smaller details, it seems 
only reasonable that radiologists should 
make use of some of its unique capabilities, 
such as the alteration of density and con- 
trast, image reversal and magnification. All 
of these changes may be accomplished 
rapidly through electronic means rather 
than through the tedious and time-consum- 
ing maneuvers of existing dark-room photo- 
graphic techniques. 

During the installation of a closed-circuit 
television linkage between the x-ray depart- 
ment on one floor and the neurosurgical 
operating rooms on another floor of St. 
Mary's Hospital, Rochester, Minnesota, 
the idea occurred that such an apparatus 
might be adapted to the "subtraction read- 
out" technique, in which interest has re- 
cently been revived because of its value in 
some examinations using contrast materials. 

Accordinglv, the manufacturer of the 
closed-circuit television svstem was asked to 
provide two cameras with which to scan 
two roentgenograms and to applv these 
images simultaneously to a single monitor 
after electrically reversing the signal in one 
camera. A single synchronization circuit 








Fic. 1. Television apparatus for roentgenologic 
“subtraction read-out” technique. 


was to be used by both cameras, and con- 
trols were to provide for the Image of one 
camera to be electrically enlarged or con- 
tracted as well as moved horizontallv or 
vertically in order to supply as nearly per- 
fect matching of the two images as possible. 

Figure 1 shows the original apparatus and 
the vertical mounting of the two television 
cameras on stands which are ordinarily used 
for photographie enlargement apparatus. 
The cameras are optically focused on the 
two ordinary view boxes below, and the 
monitor with its controls is placed in the 
center between the view boxes. The monitor 
is of the regular $25-line-scan closed-circuit 
television tv pe. 

The chief advantage of this technique is 
the rapidity with which satisfactory ร น ไว - 
traction studies may be accomplished. 
Occasionally, a vascular lesion can be iden- 
tified in the television subtraction study 
even though it is not evident on the original 
roentgenogram (Fig. 2, a, P and ce). This is 
not to say that such a shadow could not be 
observed at all; but because of overlying 


* Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 


8-21, 1963. 
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obscuring shadows, it could not be identified 
tor what it actually represented. 

Experimental studies using a water phan- 
tom, an aluminum step wedge and dried 
bones, together with contrast-filled plastic 
and glass tubes indicated that to be seen in 
the subtracted image the contrast material 
in a tube of any practical size must be con- 
centrated enough to be apparent on a good- 
quality roentgenogram without the subtrac- 
tion technique. Thus, while one mav fre- 
quently identify a lesion on re-examination 
of the original roentgenogram, this tech- 
nique more easily identifies the process in 
the first place and makes the radiologist 
very much more confident of the diagnosis 
in nearly all cases. 

The same apparatus is used to change the 
density and contrast, within limits, of 
roentgenograms of unsatisfactory quality. 
[t is common practice to use a bright spot 


Colin B. Holman 


May, 1964 


Fic. 2. (a) Left internal carotid angiogram, 
venous phase, Photographic reproduction. 
(^) Diapositive, Photograph of television im- 
age. (c) Photograph of television image after 
subtraction. Note that large intraorbital 
vascular tumor is apparent only on subtrac- 
tion study, 





light when examining a very dark film. In 
some studies in which the roentgenographic 
image is too faint, it is possible to improve 
the quality of the picture by viewing it on 
the monitor after adjusting the brightness 
and contrast controls (Fig. 3, a and 2). 

In some instances there seems to be some 
subjective improvement in the study of 
examinations emploving contrast medium 
bv reversing the image so that a positive 
rather than a negative image is obtained. 
This is the customary method of presenta- 
tion used by many fine European journals 
devoted to roentgenologic subjects and 1s 
readily accomplished by the use of the 
closed-circuit television camera in which the 
signal has been electrically reversed. 

In order to magnify the image, two large 
lenses are applied to the television cameras 
and in this manner either a magnified roent- 
genogram or an enlarged subtraction study 





เก 0 Television in 
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Fic. 3. Same roentgenogram of the head showing (a) increased brightness and (4) increased 
contrast by manipulation of the television controls, 


may beobtained (Fig. 4). 

A record of the television image can be 
obtained by photographing the monitor if 
desired (Fig. 5). However, if the roentgeno- 
grams are available, each study can be 
quickly re-examined with the machine at a 
moment's notice. 

By wav of projecting the use of this tech- 
nique into the future, a study is now under- 
way applving the system to cineroentgeno- 
graphic examinations using opaque medium. 
Because it 1s Imperative that there be virtu- 
ally no motion of the organs examined be- 
tween exposures of the two films, it 1s 
dificult to obtain good subtraction studies 
of lesions in the abdomen and chest. Car- 
diac, respiratory. and gastrointestinal mo- 
tion all tend to interfere. 


In order to obviate this difficulty, cine 
examinations are performed in the usual 
manner at about 30 frames per second. 
There is, therefore, only a very slight interval 
of time between a frame showing no opaque 
medium in the vessels of an organ and the 
first ones showing the perfusion. 

An apparatus is being constructed to 
project these two images simultaneously 
into the lenses of the two television cameras 
by means of a double, synchronized 16 mm. 
projector in such a manner that when using 
one film strip, one camera lags the other 
with respect to the film sequence by what- 
ever interval seems appropriate to subtract 
all but the advancing bolus of contrast 
material. A project using video tape record- 
ing in the same manner is also now under 
investigation, 





Fic. 4. Magnified image of the orbital tumor, 
Same case as in Figure 2, 2, P and c. 


Fic. ร. Polaroid print of television image seen 
in l'igure 26 made in 10 seconds. 
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lic. 6. (a) Sixteen millimeter cine frame of cerebral arteriogram. Oblique view through left orbit. (b). Sub- 


» 





tracted image of the same 16 mm. cine frame as in a. Graininess of picture is due to the very great photo- 


- 


graphic enlargement before 


t 


In order to test this suggestion, two 
separate frames of a cine studv of a cerebral 
angiogram (Fig. 6, a and 2) and of an ab- 
dominal aortogram (Fig. 7, a and 2) were 
greatly enlarged photographically and ap- 
pled to the present apparatus in the usua 
manner. Although the resulting enlarge- 
ments were necessarily verv grainy in ap- 
pearance, a subtracted image free of the 


overlying bony shadows 


g 


t 














was obtained. The 
photographie enlargement step will not be 
necessary where cine images are projected 
directly onto the television camera. It is 
anticipated that this technique may provide 
a useful and practical procedure for contrast 
examinations in organs in which such pro- 


wa 











application to television apparatus. 


cedures have been disappointing up to the 
present time. 

It is difficult to say at this time just how 
valuable this tvpe of an apparatus will be- 
come. It certainly improves some roentgeno- 
graphic examinations; and with further de- 
velopment it mav provide vet another tool 
in the ever-increasing scope of diagnostic 
roentgenologv. 

Mavo Clinic 


Rochester, Minnesota 
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(a) Sixteen millim 


of abdominal aortogram. (4) Subtracted image of same 16 mm. 
cine frame as in a. Here again graininess is due to very gre 
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EWING’S SARCOMA” 


SAN FRANCISCO, CALIFORNIA 


ESPITE long established debate among 

histopathologists, most authorities 
now believe that Ewing’s tumor is a distinct 
clinical pathologic entity and is not a vari- 
ant of reticulum cell sarcoma. This point is 
important since prognosis rises from less 
than $ per cent five year survival with 
Ewing's tumor to approximately So per cent 
with reticulum cell sarcoma. Comprehen- 
sive data are available regarding survival 
rates, but no significant statistical. data 
were published in regard to local recurrence 
or visceral and bony metastases. The clini- 
cal aspects, roentgen and microscopic 
characteristics, and methods of therapy 
have been thoroughly described and will not 
be repeated herewith. 

À case is reported to emphasize the fol- 
lowing points: 

I. Seven year survival is rarely en- 
countered in histologically confirmed 
Ewing’s sarcoma with roentgen and clinical 
evidence of local recurrence 1 vear following 
initial radiation therapy plus pulmonary 
metastases 18 months following initial treat- 
ment. 

2. Radiation therapy of local recurrence 
should be seriously considered, and, at least 
in this instance, has proven justifiable. 

3. Pulmonary metastases do not necessar- 


*. 


ily indicate an early fatal outcome. 


REPORT OF A CASE 


This well developed and nourished 7 year old 
Irish male entered the hospital on September 1, 
1956 complaining of pain in the lett lower leg 
of 25 months’ duration. In June 1956 he was 
kicked on the lateral aspect of the left leg below 
the knee by his vounger brother and subse- 
quently developed a progressive limp. Roentgen- 
ograms at that time (Fig. 1) were interpreted 
as simple fibular fracture without displace- 
ment; no treatment was instituted. His limp 
became pronounced and the previously noted 





Vic. 1. Initial studies of the left fibula in June, 1956 
demonstrating the fracture of the proximal shaft. 
Close inspection reveals considerable periosteal re- 


and below the fracture site. 


pain was progressive. He was therefore referred 
by his family physician for orthopedic consul- 
tation. 

Positive physical findings were limited to the 
left lower leg which was larger than the right 
(by 2.5 cm. in circumference at the level of the 
lesion). There was a sensation of warmth over 
the lateral aspect of the left upper leg with 
tenderness to palpation. The sedimentation 
rate was 48 and the temperature during his 
early hospital stay varied between 99? and 10c? 
F. Chest and other bone survey revealed no 
roentgenographic abnormality. All of his lab- 
oratory studies other than the sedimentation 
rate were normal. 


Incisional biopsy of the lesion on September 
4, 1956 revealed a reddened, thickened perios- 


teum surrounding the lesion. Considerable 
grayish pus exuded from the periosteal incision. 
The clinical appearance at surgery was that of 


* From the Departments of Radiology and Orthopedic Surgery, 5t. Joseph's Hospital, San Francisco, California. 
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lic. 4. Roentgenogram demonstrating evidence ol 
recurrence (November, 


Fic, ppearance of the fibular lesion at the 
completion of the initial course of radiation 
'ement is much 
more clearly demarcated at th The "notch. 
Hike" defect along the lateral aspect represents 


น oM . od of ก ญ È 1 
biopsy site (October, 


















a gran Li lom à Or F 9 y Folow ng 
microscopic confirmation of Ewing's sarcoma 


bv several experienced. pathologists, including 
Dr. L. Lichtenstein, radiation therapy to thi 
involved fibula was commenced อ ท September 
, 1956 and was completed on October 8, 


Che was 4,000 rads; 





pos. 




















1955. 





estimated tumor dos 








kag. g. Routine follow-up chest 
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E 9f 
demonstrating a nodular opacity overlying th 


plane of the left anterior third rib. 
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Pic. 3. The appearance of the left proximal fibula and, except บ ung of the 
6 months follow course of radiation shaft, no abnormality is noted (March, 1 
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Fic. 6. (4 and B) Following radiation therapy, the lesion in the left upper lung field is no longer visible. There 
is minimal fibrosis present (September, 1958). Z demonstrates a nodular density at the right costophrenic 


angle; B outlines this opacity in better detail using magnification. 








physical factors were 220 kv., half-value layer 
1.0 mm. Cu; anterior, posterior and lateral 
portals measured 25X8 cm. and covered the 
entire shaft of the fibula except for the distal 
metaphysis. The appearance of the fibula at 
the completion of therapy is shown in Figure 2 
and 3. 

The patient remained well until November, 
1967 when pain recurred along the lateral as- 
pect of the proximal left lower leg. Clinical and 
roentgen findings at this tune (Fig. 4) were 
interpreted as local recurrence. Following con- 
siderable discussion by the medical personne 
involved, a second course of therapy was agreec 























CT 


Fic. 7. The appearance of the chest in April, 1963. 
Other than minimal fibrosis in the left upper lung 


m 


field and slight shift of the heart and mediastinum 
to the left, no abnormalities are noted, 









with right (April, 1963). The fibular lesion appears 
well healed with no evidence of recurrence. Note 
the sclerosis of the metaphysis following the second 
course of radiation therapy and minimal valgus de- 
formity on the left. 


upon; this was started on March 4, 1957 and 
terminated on December 4, 1957 delivering an 
additional 4,000 rads to the fibula. Physical 





May, 195; 
factors and field size were identical to those of 
the initial course cf radiation therapy. 

Ches* roentgenograms in May, 1958 showed 
a nodular opacity in the left upper lung field 
(Fig. 5). This was believed to represent a me- 
tastasis and was irradiated from May 7, 1958 
through May 31, 1958 with a tumor dose of 
3,000 rads. Orthovoltage was again emploved 
and the field size was 15X15 cm. (anterior and 
posterier portals). 

This lesion promptly resolved with minima! 
residual fibrosis. Subsequent chest studies in 
September, 1958 (Fig. 6, 4 and B) showed a 
similar nodular opacity in the right lower lobe. 

The patient was placed on large doses of 
penicillin, streptomycin, and chloromycerin 
from October t, 1958 through January 1 of 
1959. All subsequent chest studies have been 
normal except for the mild fibrosis in the left 
upper lung field (Fig. 7). 


lhe patient has remained well, attends 
school and participates in numerous athletic 


activities, He has approximately one inch of 
shortening of the left leg secondarv to epiphvs- 
eal arrest (Fig. 5). Figure 9, Æ and B shows 


the ceilular structure of this lesion. 


DISCUSSION 


“ไล ท ห ง clinicians believe that the 5 vear 
survival rate in microscopically proven 


Ewing's sarcoma is less than $ per cent. 





1956. (B) High-power study of the cellular structure. 
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They are even more pessimistic regarding 
survival after local recurrence. Most con- 
sider pulmonary metastases a grave and 
probably fatal complication. 

'The decision to re-irradiate the local re- 
currence was made with the family's under- 
standing that the possibility of amputation 
might eventually arise even though the neo- 
plasm were eradicated. Epiphyseal arrest 
with subsequent shortening and slight 
angulation has been readily accepted by the 
parents. 

While microscopic validation of the pul- 
monarv opacities is lacking, 1t is contended 
that the roentgen appearance is virtually 
diagnostic of such. 

For the first (left upper lobe) pulmonary 
metastasis to resolve following irradiation 
is not unusual. Whether the second (right 
lower lobe) represents spontaneous resolu- 
tion or was, in fact, influenced by massive 
antibiotic therapy, is speculative but re- 
mains a possibility. A similar phenomenon 
was observed by one of us (RSH) in a pair of 
identical twins, both with Letterer-Siwe’s 
disease. One received no treatment, the 
other actinomycin and penicillin. The latter 
had prompt resolution of both pulmonary 
and bony lesions. On discontinuing therapy 
and starting the drugs on the previously 
untreated child, the clinical course was re- 
versed—bone and parenchymal disease re- 
turned in the twin now off medication, re- 
gression of the disease was promptly ap- 
parent in the other. 

SUMMARY 

1. A 7 year survival in a case of Ewing's 
sarcoma, histologically confirmed, is pre- 
sented. 

2, The patient had not only local recur- 
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rence 1 vear following initial irradiation but 
pulmonary metastases 6 months subsequent 
to the local bone recurrence. 

3. Two courses of radiation therapy con- 
trolled the primary lesion to date. 

4. Radiation therapy of the left upper 
lobe metastasis has controlled this lesion for 
sh vears. The other pulmonary metastasis 


has apparently responded to vigorous anti- 
biotic therapy. 


John H. Heald, M.D. 
460 Sutter Street 
San Francisco 8, California 


The authors wish to extend their sincere 
appreciation to Dr. Louis Lichtenstein for his 
help in reviewing the microscopic sections, and 
Drs. L. H. Garland and M. A. Sisson for their 
kind assistance in reviewing the manuscript. 
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AREAS OF CONCERN IN 
MAMMOGRAPHIC TECHNIQUES 
MN PGENOLOGISTS often are in- technique can and does directly affect the 
volved in the management of cancer diagnostic value of a roentgen examina- 


of the breast and now especially so in the 
problems of early diagnosis. Certainly they 
want to contribute the full potentialities 
of their specialty toward an improvement 
of the cure rate in this important disease, 
a figure which has not changed much in the 
past decade. In this endeavor, however, 
they are confronted with a choice of many, 
often fundamentally ditferent, roentgeno- 
graphic techniques for mammography. 
The selection of the one best suited to the 
particular situation is important to the 
welfare of the patient. 

As the use of mammography continues 
to grow both as a regularly employed 
method of physical diagnosis and in a 
more limited fashion as a possible survey 


procedure, the breasts of thousands of 


patients undoubtedly are being studied 
weekly. During this period of evaluation 
and expanding utilization, it is primarily 
important that only diagnostically satis- 
factory roentgenographic techniques be 


employed in order not to risk the health of 


the patient or to bring unjustified dis- 
credit upon the procedure. Particularly, 
caution must be exercised regarding the 
amount of radiation that is delivered to 
these glandular organs, especially in 
younger patients whose diagnosis of breast 
disease often is more difficult, requiring 
special, repeat or interval examinations. 


Because mammography is a form of 


medical diagnosis in which the results ex- 
pressed are a judgment based upon the 
examiner’s training and ability, some de- 
gree of personal preference in regard to the 
technique selected bv a radiologist can be 
expected. On the other hand, it must be 
remembered that the roentgenographic 


II 


ds 


tion, a fact demonstrably true in mam- 
mography. In other words, the significant 
phvsical diagnostic qualities of an exposed 
roentgenographic film can be measured ob- 
jectively with the aid of the radiophvsicist. 
Once accuratelv determined, these results 
will limit the room for choice based on ร น ไว - 
jective criteria or personal preference. 
Recent work providing such an obj jec- 
tive evaluation apparently defined quite 
fully those diagnostic qualities that should 
be procured before a mammographic pro- 
cedure can be considered medically ac- 
ceptable!’ It was concluded that exam- 
inations which employ either standard or 
non-screen film, whether used with or with- 
out screens, are seriouslv inferior chiefly 
because of the poor definition they provide. 
Only films of the industrial tvpe appear to 
be able to produce an acceptable roentgen 
image. Furthermore, it was demonstrated 
that the faster industrial films (Tvpe AA) 
produced just as good results as the slower 
(Tvpe M) under the conditions imposed 
in roentgenography of the breast. Thus, 
there seems to be no valid reason for em- 
ploving the latter. tvpe of film. These 
conclusions obviously lead the radiologist 
to a careful consideration of the skin and 
tissue doses involved in mammography. 
Of all the well-established diagnostic 
roentgenographic procedures, mammog- 


1 Siner, W. ML, Garrerr, R., ลิ ม ขอ อ ย R. EL, LavonLin, J. Sa 
and 5 ส ย น ม อม, R. S, Mammography, an examination of tech- 
niques: (a) Exhibit and paper at Tenth International Congress 
of Radiology, Montreal, Canada, Hs p. at Ri Re: 
American. Roentgen Ray Society, W p. C. P p 

? Stier, W, M., Svyper, R. E. Pu JR. baconi, J. S., 
and SHERMAN, R. Si Development and m ee mammographic 
technique. Am. J. RogwraegNoL, Rap. Tuerary & NUCLEAR 
MED, 1964, 97, 910-916, 
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raphy entails the highest dose to a re- 
stricted area of the patient because of its 
requirements of low kilovoltage and in- 
dustrial flm. Low kilovoltage roentgen 
rays make possible the attainment of cer- 
tain necessary advantages, primarily in 
contrast, but at the same time, they also 
create hazards resulting trom their low 


energy with decreased penetration. Con- 
sequently, the relatively high skin and 


tissue doses required for the adequate 
exposure of a film become 0 0 
despite an Increasing response of some 
films to lower energy roentgen rays. This 
hazard is made more possible because of 
the rapid change in tissue absorption co- 
eficients with small changes in kilovoltage 
and associated film factors in. this low 
voltage range. 

Those using industrial film of M type 
and actually operating their roentgeno- 
graphic units at a kvp. of 26 to 30 are 
dealing with skin doses in the range of 
1 ๐ r or more per exposure, a figure sub- 
stantially higher than has been indicated 
in int 0 daling with this particular 

` 3 exposures 
for al puse IS 089 à situa- 
tion of concern arises. Furthermore, some 
radiologists, in addition to the roentgeno- 
grams in the 3 standard views, take spot, 
compression or special roentgenograms so 


Editorial 


Mav, 1964 


that one breast mav receive skin doses in 
excess of so r during the course of a single 
studv. 

It seems evident, therefore, that in 
mammography the radiologist has the re- 
sponsibility of assuring himself by actual 
measurements on his own equipment as to 
the precise magnitude ot the skin dose per 
exposure and preferablv also of the actual 
kilovoltage. Neither value can be inferred 
from meter readings on the instrument 
panel nor necessarily by analogy with 
measurements made on equipment de- 
scribed in the literature. 

There can be no definite dividing line 
with regard to that skin dose above which 
the radiologist has cause for concern 
and below which there is no contraindica- 
tion. Therefore, at the present state of 
knowledge the radiologist is always ob- 
ligated to employ the smallest amount of 

radiation possible to accomplish the de- 
sired result. When it has been demonstrated 
that two different techniques produce 
mammograms of comparable quality, then 
the one entailing definitely higher exposure 
to the patient s should be avoided. 


Roperr S. SHERMAN, MLD. 
Department of Diagnostic Radiology 


Memorial Hospital for Cancer and Allied Diseases 
New York 21, New York 
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IN MAN 


The International Atomic Energy 
Agency (IAEA) will hold a Symposium on 
the Assessment of Radioactive Body Bur- 
dens in Man, in Heidelberg, Germany, 
May 11-16, 1964. 

The Symposium will be concerned with 
the estimation of internal radioactive con- 
tamination in humans (either by direct 





* 


methods such as im vivo counting or by 
indirect methods such as excretion. anal- 
vsis) and of the associated radiation dose. 

The following main topics will be cov- 
ered: 

General Techniques: 1. Direct in vivo 
measurements of body burdens: (a) meas- 
urement of total bodv activity, organ ac- 
tivity, activity distribution; (b) process- 
ing, statistics and interpretation of data; 
2. indirect methods for the assessment of 
body burdens: (a) sampling and sample 
processing; (b) measurement of samples; 
(c) processing, statistics and interpretation 
of data; and 3. analysis of the microscopic 
distribution of contaminants and assess- 
ment of absorbed dose. 

Results and Their Interpretation: The 
papers to be discussed in this part of the 
Symposium will deal with results obtained 
in monitoring radium, strontium, cesium, 
rare earth elements, thorium, uranium, 
and plutonium; and with other radio- 
nuclides if relevant to the metabolism of 
the elements enumerated or if of particular 
interest to radiologic protection. 

Requests for additional information 
should be addressed to Dr. Paul Fent, 
Division of Public Information, Interna- 
tional Atomic Energy Agency, Vienna 1., 
Karntnerring 11, Austria. 

AMERICAN MEDICAL WRITERS’ 
ASSOCIATION 

The American Medical Writer’s Asso- 

ciation—a professional society of people 


ITEMS 


engaged or interested 1 ท various aspects of 
medical communication—-will hold its 
Twenty-first Annual Meeting, September 
24-27, 1964, in Philadelphia, the cradle 
of American medical education and a lead- 
ing center of medical publishing. 

Among the functions of the Association 
are the maintenance of a medical manu- 
script service, a roster of qualified lec- 
turers อ ท medical communication, the 
presentation of fellowships and awards for 
"distinguished service in medical com- 
munication" to outstanding individuals 
and medical publications, and the pro- 
vision of scholarship assistance to students 
of medical Journalism. 

Membership is available to any person 
“actively engaged or interested in any as- 
pect of communication in the medical and 
allied professions." 

The national office is located at 2000 
P Street, N.W., Washington, D. C. 20036. 
COLLOQUE ANATOMO-CLINIQUE INTERNA. 
TIONAL SUR LES TUMEURS DU CORPS 

THYROIDE 

The International Colloquium อ ท the 
Malignant Tumors of the Thyroid Gland 
will be held June 11—14, 1964, in Marseille, 
France. 

The subjects to be discussed are: (1) 
Papillary tumors of the thyroid gland, 
Chairman, P. Denoix, Paris; (2) anatomic 
clinical classification and elements of the 
diagnosis, Chairman, J. Delarue, Paris; 
(3) thyroid pathology and cancer, Chair- 
man, T. Winship, U.S.A.; (4) general 
etiology of the thyroid cancers, Chairman, 
S. Lindsay, U.S.A.; (5) therapy of the 
thyroid cancers: surgery, Chairman, G. 
Crile, U.S.A.; and (6) therapy of the 
thyroid cancers: surgery and physical 
agents, Chairman, H. Redon, Paris. 

For further information, please write to: 
Professeur H. Payan, Secrétaire Général, 
Faculté de Médecine, Boulevard d’Alés, 
Marseille Vs, France. 
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CONSOLIDATED INDICES: 1958—1962. Volume 
VI. AMERICAN JOURNAL or RogNTGENOLOGY, 
Rapium THERAPY & NUCLEAR MEDICINE, 
Compiled under the direction of The Pub- 
lication Committee and The Editorial Office 
of the American Roentgen Ray Society. 
Cloth. Pp. 347. Price, 323.50. Charles C 
Thomas, Publisher, Springfield, HL, 1964. 
Volume VI of Consolidated Indices of THE 

AMERICAN JouRNAL or ROENTGENOLOGY, Ra- 

DIUM THERAPY & NUCLEAR MEDICINE js 

issued in fulfillment of the policy of compound- 

ing every five years the author and subject 
references of the material published on its 
pages for a quick and readily accessible perusal. 

It is prepared with the same thoroughness as 

characterized the preceding five volumes, and 

embodies the latest and most up-to-date 
achievements in the rapid technical develop- 
ment of the graphic arts. 

The volume contains approximately 25,000 
items listed in alphabetical order under the 
name or names of the authors and the classified 
subject material. Both the names of the 
authors and the titles of the lead subjects ap- 
pear in bold face type, followed by rhe respec- 
tive subject or name entries in regular type 
under the same entry. The volume numbers are 
also set in bold arabic type and a distinction is 
made between the original and abstracted 
articles. The initial page of the originial article 
is prefixed with an asterisk and the initial 
page of the abstracted article is placed in 
parenthesis. Cross references are given for the 
names of the associated authors in case of 
multiple authorship and for the synonymous 
terms of subjects with consideration of the 
consistently increasing scope of the terminology 
in the radiologic language. This arrangement, 
besides simplifying the usability of the index, 
greatly enhances its completeness and scien- 
ท ล Accuracy, 

The late Dr. Lawrence Reynolds, illustrious 
editor of the ไอ ย แม ล บ for more than three 
decades, has set a high standard for the pub- 
lication of these Indices. Mr. Charles C 
Thomas, as the Publisher, and The Banta 
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Publishing Company, as the Printer, have 
combined their efforts in producing a work of 
distinctive quality. Volume VI is presented in 
the belief and hope that it will fulfill the aim 
of a faithful continuation of that endeavor. 
T. Leveuria, M.D. 
BOOKS RECEIVED 

MENINGIOMAS TNVOLVING THE TEMPORAL Bone: 
CLINICAL AND PATHOLOGICAL Aspects. By George 
T. Nager, M.D., Associate Professor of Laryngol- 
ogy and Otology, Anatomical and Pathological 
Laboratories, Department of Otolaryngology, The 
Johns Hopkins University Schoo! of Medicine and 
Hospital, Baltimore, Md. Cloth. Pp. 170, with 
many illustrations. Price, $11.50. Charles C 
Thomas, Publisher, 301-327 East Lawrence Ave- 
nue, Springfield, Hl., 1963. 

TREATMENT OF Cancer and ALLIED DISEASES: 
TUMORS or THE Sorr Somatic Tissues AND BONE, 
Edited by George T. Pack, M.D., F. A.C.S., and 
Irving M. Ariel, M.D., F.A.C.S. Volume VIII, 
Second edition. Cloth. Pp. £74, with 778 illustra- 
tions. Price, $26.50. Hoeber Medical Division, 
Harper & Row, Publishers, 49 East 33rd Street, 
New York 16, N. Y., 1964. 

SMOKING AND HEALTH: REPORT or THE ADVISORY 
COMMITTEE TO THE SURGEON GENERAL OF THE 
Pusiic HEALTH Service. U. S. Department of 
Health, Education, and Welfare. Paper. Pp. 387, 
with many tables. Price, $1.25. Superintendent of 
Documents, U. S. Government Printing Office, 
Washington, D. C. 20402, 1964. 

VASCULARIZATION, OXYGEN Tension, ann RADIO- 
CURABILITY IN CANCER OF THE CERVIX: A COLPO- 
PHOTOGRAPHIC, POLAROGRAPHIC, AND CLINICAL 
Strupy. By Per Kolstad, M.D., the Gynecological 
Department, The Norwegian Radium Hospital; 
and the Norsk Hydro’s Institute for Cancer Re- 
search, Oslo, Norway. Paper. Pp. 152, with many 
illustrations. Price, N.kr.45.-. Norwegian Universi- 
ties Press, Universitetsforlaget. In the U.S.A., Box 
142, Boston 13, Mass., 1963. 

CLINICAL UROGRAPHY: An Arias AND TEXTBOOK OF 
RoENTGENOLOGIC DiaGnosts. Second edition. By 
John L. Emmett, A.B., M.D., M.S. in Urology, 
Consultant in Urology, Mayo Clinic; Professor of 
Urology, Mayo Foundation, Graduate School, 
University of Minnesota, Rochester, Minn. Cloth. 
Volume u. Pp. 647 through 1294, with many 
illustrations. Price, $50.00 for the set. W. B. Saun- 
ders Company, Philadelphia, Pa., 1964. 
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ERGEBNISSE DER MEDIZINISCHEN STRAHLENFOR- 
SCHUNG: DIAGNOSTIK, THERAPIE, NUKLEARMED- 
iin, BIOLOGIE, Neve Force. Herausgeber, 
H. R. Schinz, Zürich; R. Glauner, Stuttgart; and 
A. Rüttimann, Zürich. Cloth. Pp. £61, with many 
illustrations and tables. Price, Ganzleinen DM 
160.-. Georg Thieme Verlag, Postfach 732, Herd- 
weg 63, 7000 Stuttgart 1, Germany. Inthe U.S.A, 
and Canada, Intercontinental Medical Book 
Corporation, New York 16, N. Y., 1964. 

PATIENT Care AND SPECIAL PROCEDURES IN X-RAY 
' ไ ไซ อ ห ม อ แอ อ ห , Second edition. By Carol Hocking 
Vennes, R.N., B.S., Part-time Clinical Instructor, 
University of Minnesota Hospital; formerly Sur- 
gical Supervisor and Clinical Instructor, Univer- 
sity of Minnesota Hospital, Minneapolis, Minn.; 
and John C. Watson, R.T., Technical Consultant, 
Department of Radiology, Yale Medical Center 
and Grace-New Haven Community Hospital, 
New Haven, Conn.; formerly Director of Courses 
in X-ray Technology, University of Minnesota 
Hospitals, Minneapolis, Minn. Cloth. Pp. 228, 
with many illustrations. Price, $6.25. The C. V. 
Mosby Co, 3207 Washington Boulevard, St. 
Louis 3, Mo., 1964. 

Cancer or THE Sromacu. By William H. ReMine, 
M.D., M.S. in Surgery, F.A.C, S, Head of a 
Section of Surgery, Mavo Clinic; Assistant. Pro- 
fessor of Surgery, Mayo Foundation, Graduate 
School, University of Minnesota; James T. 
Priestley, M.D., M.S. in Experimental Surgery, 
Ph.D. in Surgery, FLA.C.S., Head of a Section of 
Surgery, Mayo Foundation, Graduate School, 
University of Minnesota; and Joseph Berkson, 
M.D., D.Sc., Head of the Section of Biometry 
and Medical Statistics, Mayo Clinic; Professor 
of Biometry and Medical Statistics, Mayo Foun- 
dation, Graduate School, University of Minne- 
sota, Rochester, Minn. Cloth. Pp. 255, with many 
illustrations. Price, $11.50. W. B. Saunders Com- 
pany, Philadelphia, Pa., 1964. 

GASTROENTEROLOGY. Volume 11. Second edition. 
By Henry L. Bockus, M.D., Emeritus Professor 
of Medicine, University of Pennsylvania Grad- 
uate School of Medicine, and Present and 
Former Colleagues at the University of Pennsyl- 
vania Graduate School of Medicine and School of 
Medicine. Cloth. Pp. 1241, with many ilustra- 
tions. Price, $28.00. W. B. Saunders Company, 
Philadelphia, Pa., 1964. 

PERSONNEL DOSIMETRY TECHNIQUES FOR EXTERNAL 
RADIATION: THEIR APPLICATION IN NUCLEAR 
INsrALLATIONS. Proceedings of Madrid Sym- 
posium, 1963. Organisation for Economic Co- 
Operation and Development, European Nuclear 
Energy Agency. Paper. Pp. £10, with many figures. 
Price, $8.00. European Nuclear Energy Agency, 
38, Boulevard Suchet, Paris, 16, 1964. 

LA LYMPHOGRAPHIE: Erupe RADIOLOGIQUE ET 
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CLINIQUE DES Vores LYMPHATIQUES NORMALES 
ET ParnuoLocGiQUEs. By N. Arvay, and J. D. 
Picard, Médecins Radiologistes des Hôpitaux de 
Paris. Paper. Pp. 306, with 196 figures. Price, 88 
F. Masson & Cie, Editeurs, 120, Boulevard Saint- 
Germain, Paris, 1963. 

ATLAS oF Unorocic Exposcoprv: DIAGNOSIS, OPERA- 
TIVE Cvsroscorv, Evecrroresection. By H. J. 
Reuter, M.D., Urologische Privatklinik, Stutt- 
gart, Germany. Translated by Hubert G. W. 
Frohmüller, M.D., Fellow in Urology, Mayo 
Clinic and Mayo Foundation, Rochester, Minn. 
Cloth. Pp. 11:4, with many illustrations. Price, 
$11.20. W. B. Saunders Company, Philadelphia, 
Pa., 1964. 

FORSCHUNGSBERICHTE DES LANDES NORDRHEIN- 
WESTFALEN: VERGLEICHENDE EXPERIMENTELLE 
UND KLINISCHE UNTERSUCHUNGEN von Co-y- 
STRAHLEN UND 200-kV-RGNTGENSTRAHLEN. By 
Priv.-Doz. Dr. med. Elmar Schnepper, Chirur- 
gische Klinik und Poliklinik. der Westfalischen 
Wilhelms-Universitat Munster. Paper. Pp. Igi, 
with 135 figures. Price, DM 116. Westdeutscher 
Verlag, Köln und Opladen, 1963. 

CLINICAL INVESTIGATION IN Mepictne: LEGAL, 
ETHICAL, AND MORAL ASPECTS; AN ANTHOLOGY 
AND ไร ้ แน บ แอ อ แล ท พ ท. Edited by Irving Ladimer, 
S.J.D., and Roger W. Newman, LL.B. Paper. 
Pp. siz. The Law-Medicine Research Institute, 
Boston, Mass., 1963. 

THe Venous RETURN FROM THE Lower LEG IN 
HEALTH AND IN CHRONIC Venous INSUFFICIENCY, 
Supplement 64. By Carl C. Arnoldi, from the 
Orthopedic Clinic, Royal Medical School, Umei, 
Sweden. Paper. Pp. 75, with some illustrations. 
Acta Orthopaedica Scandinavica, Munksgaard, 
1964. 

NUCLEAR MEDICINE. Volume I, Section 23, Jan- 
uary, 1964. Abstracts No. 1-198. Paper. Pp. 56. 
Excerpta Medica Foundation, New York Acad- 
emy of Medicine Building, New York 29, N. Y. 
1964. 

SELECTED Papers FROM THE ÍNsTITUTE OF CANCER 
RESEARCH: ROYAL Cancer HOSPITAL AND FROM 
THE Rovat Marspen HosPITAL, 1962. Volume 
17. Published by order of the Committee of 
Management of the Institute and the Board of 
Governors of the Royal Marsden Hospital, 
London. Cloth. Pp. 1037, with many illustrations 
and tables. The Chester Beatty Research In. 
stitute, Fulham Road, London, S.W. 3, 1964. 

DEUTSCHER RONTGENKONGRESS 1963. Vorsitzender: 
Prof. Dr. R. Bauer, Tübingen. Paper. Pp. 300, 
with 270 illustrations. Price, DM 47.20. Georg 
Thieme Verlag, Postfach 732, Herdweg 63, 7000 
Stuttgart 1, Germany. In the U.S.A. and Canada, 
Intercontinental Book Corporation, New York 
16, N. Y., 1964. 
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DeBaxey, M. E.: Basic concepts of therapy 
in arterial disease. (Lasker Award.)........ 
HANAFEE, W.: Axillary artery approach to 
carotid, vertebral, abdominal aorta, and 
coronary angiography... 3 
MARSHALL, T. R., Lino, J. T., and GONZALEZ, 
R.: Additional experiences with direct per- 
cutaneous noncatheter brachial angiography 
—left panarteriography—right cerebral 
โอ รา น dau ce bow La OESS 
AMPLATz, K., Rescg, J., and HILAL, S.: A 
catheter approach for cerebral angiogra- 
6 
GLENN, F. ef al.: Selective celiac and superior 
mesenteric arteriography..............--. 
GÜTGEMANN, A., SCHREIBER, H. W., and 
Esser, G.: Unusual method of portacaval 
anastomosis: anastomosis between the left 
gastric vein and the inferior vena cava. ..... 


RADIATION THERAPY 


Howanp, N.: Phlebography in superior vena 
caval obstrüctión.os 2 Sok 
Rusin, P. etal.: Superior vena caval syndrome: 
slow low-dose versus rapid high-dose 
schedules 4s bowie bea ote 
Homes, K. S.: The treatment of superior vena 
caval syndrome by high-dose grid technic.. 
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Cuv, F. C. H., Nisce, L., and LAUGHLIN, 
]. S.: Treatment of breast cancer with high- 
energy electrons produced by 24-mev. beta- 


Lawrence, J. H. et al: Alpha particle and 
proton beams in therapy................. 
DELAHAYE, R. P., ISNARD, J., and Pyarp, M.: 
Lymphosarcoma of the cecum............ 
CutaPPA, S. ef al: Preoperative lymphangi- 
ography in testicular tumors.............. 


RADIOISOTOPES 


SEITZMAN, D. M. et al.: Intralymphatic radio- 
isotope therapy... 
CROLL, M. N. ef al.: Radioisotope placentogra- 
phy: a bedsice procedure................. 
Hing, G. J.: Color-coded digital print-out for 


radioisotope scanning..................-. 


MISCELLANEOUS 


ScHÜssLER, R.: Investigations of the sta- 
bility of water-soluble, iodinated, roent- 
gen contrast media to exposure to visible 
and ultraviolet light and to radiation from 
radioactive material.................... 

Lyon, H. W., Couanp, R. A., and GLASSFORD, 
K. F.: Long-term intraoral findings in 


humans after exposure to total-body 
irradiation from sudden radioactive 
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ROENTGEN DIAGNOSIS 


BLoop AND LYMPH SYSTEM 


DeBakey, MicHAEL E. Basic concepts of 
therapy in arterial disease. (Lasker Award.) 
¥.4.M.A., Nov. 2, 1963, 786, 484-498. 
(From: Baylor University College of Medi- 
cine, Texas Medical Center, Houston, Texas.) 





Great progress has been made in recent years 
toward better understanding of the insidious patho- 
logic anatomic changes that occur in the arterial 
wall, more precise methods of diagnosis, and more 
effective therapy. 

The concept has evolved that, regardless of eti- 
ology, the lesion in many forms of aortic and arterial 
disease may be well localized and is segmental in na- 
ture with a relatively normal, patent proximal and 
distal arterial bed. 

It becomes possible to classify most arterial dis- 
eases into two major types: occlusive lesions and 
aneurysms. In both types the lesions may be of con- 
genital, acquired, or traumatic origin. In terms of the 
surgical approach to the problem, the nature, loca- 
tion and extent of the lesion itself or the resultant 
hemodynamic disturbances assume greater signifi- 
cance than these etiologic factors. Thus, an aneurysm 
of the aorta may be of arteriosclerotic, traumatic, 
syphilitic or dissecting origin. The most common 
etiologic factor is arteriosclerosis or atherosclerosis. 
Combined forms of these lesions often occur in the 
same patient. 

occLusive Lesions. The first category of arterial 
occlusive lesions is concerned with lesions involving 
the major branches of the aortic arch. Two character- 
istic patterns may be recognized, namely, a proximal 
form, involving the major arteries arising from the 
aortic arch, and a distal form, involving the internal 
carotid and vertebral arteries at their respective 
origins. The occlusive process may be complete or 
incomplete. Multiple lesions are present in over half 
the cases. 

On the basis of the author's observations, a concept 
has developed of the totalitv of cerebral blood 
flow. The brain receives its arterial blood supply 
from for major arterial systems; namely, the two 
vertebral arteries and the two internal carotid 
arteries, Both extracranially and intracranially these 
systems may communicate with each other through 
major collateral channels. Ischemic disturbances may 
then become apparent only when the collateral cir- 
culation is inadequate to meet the demands of 
the tissues it supplies. 

Still another important conceptual consideration is 
the distinction between tissue viability and normal 
function. It has long been known that certain degrees 
of ischemia may inhibit normal function but main- 
tain viability of the tissues even for prolonged 
periods. 


Abstracts of Radiological Literature 
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Involvement of the visceral branches of the ab- 
dominal aorta, namely the celiac axis, superior 
mesenteric and renal arteries, comprises the second 
category of arterial occlusive disease. Etiologically, 
the occlusive process in this group is atherosclerosis 
in the great majority of cases. The ischemic dis- 
turbances resulting from this category of occlusive 
disease produce two characteristic, but widely ditter- 
ent, clinical entities, namely, abdominal or intestinal 
angina and renovascular hypertension. 

The third category of occlusive disease involves the 
terminal abdominal aorta and its major branches 
and tends to assume two recognizable patterns per- 
mitting a similar classification into two subgroups: a 
proximal form involving the aortoiliac region and a 
distal form involving the femoropopliteal arteries. 

The final category of occlusive disease, and perhaps 
the most commonly lethal, involves the coronary 
arteries. The predominant underlying lesion is arteri- 
osclerosis or atherosclerosis. Surgical therapy is ap- 
plicable to such occlusive lesions of the coronary 
arteries, if segmental in nature with a patent prox- 
imal and distal arterial bed. 

The primary objective of therapy is correction of 
these disturbances by restoration of normal circula- 
tion. Principles of surgical therapy designed for this 
purpose have been developed and consist essentially 
of thromboendarterectomy, excision with graft re- 
placement, the bypass graft, and patch graft angio- 
plasty. 

A most important consideration is the develop- 
ment of a satisfactory and effective arterial substi- 
tute, The flexible, seamless, knitted dacron tube was 
found to meet the essential requirements of strength, 
durability, and function. Experience with this graft 
replacement now includes over $,000 cases and ex- 
tends over a period of 8 years. Successful results have 
been achieved in from 80 to 97 per cent of the 
cases. In approximately goo cases of occlusive dis- 
ease which produced cerebrovascular insufficiency, 
circulation was restored in g2 per cent. Relief of 
symptoms has been maintained in approximately 
go per cent of patients who had transient cerebral 
ischemia, 9$ per cent of those with progressive stroke, 
and 2 ๐ per cent of those with completed stroke. In 
approximately 300 cases of renal artery occlusive dis- 
ease associated with hypertension, successful results 
with relief of hypertension were obtained in 80 per 
cent. In approximately 3,300 patients with arterial 
insufficiency of the lower extremities, successful 
results were obtained in 93 per cent. 

ANEURYSMS. Emphasis has shifted from etiology to 
nature and location of the aneurysmal process. Thus 
extirpation, or complete obliteration, of the lesion is 
essential to therapy. Fusiform aneurysms, for exam- 
ple, are usually treated by excising the diseased seg- 
ment and replacing it with a dacron graft. 

Aneurysms lend themselves to classification as fol- 
lows: (1) In the aortic arch, (2) in the descending 
thoracic aorta, (3) in the thoracoabdominal segment 
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of aorta, and (4) in the abdominal aorta distal to the 
renal arteries. 

The results and the operative risk are greatly in- 
fluenced by a number of factors, including particu- 
larly the type and location of the lesion, age of the 
patient, acute rupture, pre-existing heart disease, 
and other serious associated disease. 

It now appears from these long-term arteriographic 
studies that extend up to to years that the lesions 


not onlv may remain localized for long periods of 


time, but also may stop progressing once the lesion 
has reached a certain stage.——S/ephen M. Tager, 
M.D. 


HANAFEE, WILLIAM, Axillary artery approach 
to carotid, vertebral, abdominal aorta, and 
coronary ae eh Radiology, Oct., 1963, 
ST, 559-567. (From: Department of Radi- 
Blodv. U.C.L.A. Center for the Health Sci- 
ences, Los Angles, Calif.) 


Since August, 196t the transaxillary approach has 
been used in approximately 200 vascular examina- 
tions at the U.C.L.A. Medical Center. Severe ar- 
teriosclerotic involvement of the iliac arteries makes 
transfemoral catheterization technically difficult 


and sometimes prohibitively dangerous. Because of 


this an alternative approach for visualization of the 

carotid vertebral and coronary arteries is desirable 
and the author feels that the axillary artery is a con- 
venient vessel to use due to its accessibility and its 
relatively fixed position on the teres major tendon 
high in the axilla. 

The equipment and techniques used are described 
in detail. The guide wires and catheters required 
some modification over the conventional Seldinger 
techniques. The size and type of catheter used de- 
pend on the examination to be performed. 

Only 4 complications occurred in this limited series 
and 3 of these occurred in the first 7 cases while the 
CE was being worked out. The first complica- 
tion was a temporary hemiparesis and the next one 
was a large local hematoma. In the third case some 
transient pains developed, radiating to the third, 
fourth and fifth fingers. The most recent complica. 
tion was some vascular embarrassment of the upper 
extremity when the catheter totally occluded the 
subclavian artery at its take-off from the aortic arch. 

The author feels that axillary artery catheteriza- 
tion is the method of choice in vertebral angiography 
and coronary angiographv and is an alternate method 
of examination of the abdominal aorta and renal 
arteries In poor risk patients with iliac occlusive dis- 
ease. The radiologist who familiarizes himself. with 
the axillary approach to catheter angiography is in a 
position to assist his colleagues in a wide 
special studies.—Donsald N. Dysart, M.D. 


MansHALL, Tuos. R., Linc, J. T., and Gox- 
ZALEZ, Raut. Additional experiences with 
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direct percutaneous noncatheter brachial 
angiography—-left  panarteriography——right 
cerebral angiography. Radiolagy, Oct., 1963, 
87, §68~575. (From: Department of Radi- 
ology, University of Louisville School of 
Medicine, Louisville, Ky.) 


A new method of en percutaneous noncatheter 
brachial angiography is described with which the 
authors have performed 175 examinations for a 
total of 285 injections without fatality or serious 
morbidity. Right brachial studies were made in 84 
patients, and left brachial in go. 

Alter edie en eee cna artery 
ae เรี at a leve | ก a line I cm. 0 the 
epicondylar processes of the humerus. For right 
cerebral angiography 25 to 30 cc. (adults) of meglu- 
mine iothalamate 60 per cent is used and for left 
panarteriography studies, 30 to 5o cc. (adults) of 
sodium iothalamate 66,8 per cent or $0 to 70 cc. of 
meglumine iothalamate 60 per cent. A pressure in- 
jector must be employed and a pressure cuff should 
be placed around the arm distal to the site of i injec- 
tion and inflated above the systolic pressure before 
injection. 

Right brachial injection provides complete visuali- 
zation of the right carotid-cerebral and vertebral- 
basilar systems. When pressure is applied to the left 
common carotid artery during right brachial injec- 
tion, the complete cerebral and basilar arterial 
system can be demonstrated. 

Left brachial injection gives excellent opacification 
of the thoracic and abdominal aorta and the renal, 
iliac and femoral arteries. Renal arterial studies have 
shown the same or better contrast than from percu- 
taneous transfemoral renal arteriography, 

For demonstration and staging of bladder tumors 
according to Jewett’s hypothesis, so to 75 cc. of 

carbon dioxide is instilled into the bladder prior to 
left brachial artery injection and pneumatic tourni- 
quets are used to occlude both femoral arteries. This 
gives good visualization of the vessels supplying the 
wall of the bladder. 

Direct noncatheter brachial angiography, as 
described, avoids the hazards inherent in such other 
approaches as direct needle puncture of the carotid 
or vertebral artery, percutaneous transfemoral 
catheterization by the Seldinger technique, and 
translumbar  aortography.—Ra/ph Bowman, M.D. 


AMPLATZ, Kurr, RESCH, Josern, and Hirar, 
SADEK. A catheter approach for cerebral 
angiography. Radiology, Oct., 1963, 87, £76— 
583. (From: Department of Radiology, Uni- 
versity of Minnesota Hospital, Minneapolis, 
Minn.) 


This method was developed for evaluation of a 
group of patients with stroke syndrome in the athero- 
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sclerotic age group. Since direct needle puncture of 
diseased arteries is associated with a higher incidence 
of local complications, an indirect approach was used 
by catheterization of a single peripheral artery. By 
using the right subclavian artery a specially shaped 
short catheter may be employed, permitting good 
manual control and therefore selective catheteriza- 
tion of the right vertebral artery, of the right carotid, 
the left carotid and left sublcavian artery. The equip- 
ment and technique are described in detail. 

Forty-three patients with well established stroke 
syndrome were examined by this procedure. Age 
range was from 29 to 81 years with 75 per cent of the 
patients more than 60 years old. Ten of the 43 pa- 
tients with clinical signs and symptoms of stroke had 
angiographically normal arteries as determined by 
the complete 4-vessel study. Complete carotid ob- 
struction was present unilaterally in 4 and bilaterally 
in 2. Pathologic conditions were found also in many 
of the vessels visualized. Generally, however, the 
clinical picture did not correlate with the severity of 
the vascular disease. Blood flow and pressure meas- 
urements were also carried out during the arterial 
catheterization in order to evaluate the hemody- 
namic significance of demonstrated obstructing 
lesions. 

Complications consisted of a mediastinal hema- 
toma with spontaneous regression, a grand mal 
seizure followed by transient blindness and aphasia, 
and a local hematoma requiring no special treatment. 
Three patients had transient blindness which sub- 
sided with conservative measures. It was felt that 
the episodes of transient blindness were not due to 
the selective injection of contrast medium in the 
vertebral arteries but to a systemic hypotension 
resulting in a decreased cerebral perfusion. 

One of the main purposes of this project was the 
evaluation of the natural history of occlusive athero- 
sclerotic disease in patients with clinical evidence of 
cerebral vascular insufficiency. A complete angio- 
graphic and clinical re-evaluation is contemplated at 
yearly intervals in order to determine the progress of 
obstructing disease.— Donald N. Dysart, M.D. 


Morvecal, and THORBJARNARSON, BJORN. 
Selective celiac and superior mesenteric 
arteriography. Surg., Gynec. ©& Obst, Jan., 
1964, 778, 93-100. (From: Departments of 
Surgery and Radiology, The New York 
Hospital-Cornell Medical Center, New, 
York, N. Y.) 


By the Seldinger percutaneous technique, a 
catheter is introduced into a femoral artery and its 
tip placed into the celiac artery. A second catheter is 
inserted into the opposite femoral artery and its tip 
placed into the superior mesenteric artery. Contrast 
material is injected simultaneously into both vessels 
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and films are exposed in various positions. Ít is im- 
portant to be familiar with the normal variations of 
the vessels, Abnormalities to be sought are displace- 
ment, narrowing, and occlusion of vessels, abnormal 
collaterals, and areas of increased or decreased 
vascularity. 

Three case reports are presented in detail. One pa- 
tient showed stretching of the superior pancreatico- 
duodenal artery and its branches as well as of the 
pancreatic branches of the gastroduodenal artery 
secondary to a carcinoma in the head of the pan- 
creas. A second patient revealed displacement of the 
superior mesenteric, hepatic, gastroduodenal and 
superior pancreatico-duodenal arteries due to a large 
cystadenoma of the pancreas which also showed a 
tumor stain. A third patient had known metastatic 
gastric carcinoma and developed jaundice; a nar- 
rowed hepatic artery indicated the presence of a 
mass in the hilus of the liver which was confirmed at 
autopsy. 

Over 40 celiac and superior mesenteric arteriogra- 
phies have been done without complications. The 
procedure is recommended as an additional method 
in the diagnosis of frequently obscure lesions of the 
abdominal viscera, especially the liver and pan- 
creas.—Stesven H. Cornell, M.D. 


GürGEMANN, A, ScHReIBER, H. W., and 


anastomosis: anastomosis between the left 
gastric vein and the inferior vena cava. 


German Med. Monthly, Aug., 1963, 9, 331- 
335. (From: Department of Surgery, Uni- 
versity of Bonn, Germany.) 


The authors discuss portal hypertension and its 
surgical management. In cases of generalized portal 
hypertension, usually due to cirrhosis, they recom- 
mend a portacaval anastomosis using the most direct 
method possible. In cases of prehepatic block with 
congenital or acquired intra- or extrahepatic vascu- 
lar stenosis, they advise splenectomy and usually a 
splenorenal anastomosis. 

Some cases cannot be treated in this manner due 
to underdevelopment, malformation, or other factors 
making the mobilization and usual anastomosis 
technically difficult. Occasionally, these cases can be 
handled by an anastomosis between the left gastric 
vein and the inferior vena cava, This produces a de- 
compression shunt. It is relatively simple from a 
technical standpoint, and may be of considerable 
practical value in selected cases. George L. Sackett, 


Fra M.D. 
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Howarp, Norman. Phlebography in superior 
vena caval obstruction. Radiology, Sept., 
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partment, Royal Marsden Hospital, London, 
England.) 


Phlebography is recommended as a valuable, sim- 
ple, safe diagnostic procedure for most patients 
suffering from superior vena caval obstruction. This 
conclusion is based on a study of 54 cases of superior 
vena caval obstruction treated at the Royal Mars- 
den Hospital, London, England, during the last 3 
years. Phlebography was carried out to elucidate the 
hemodynamics in this condition and to correlate the 
findings with treatment and prognosis. Their proce- 
dure is relatively simple. Both basilar veins are 
utilized for simultaneous injection of 20 to 30 cc. of 
45 percent hypaque solution. Four films are exposed 
at one-second intervals. 

Phlebography furnished valuable information not 
obtained by other means. The site and extent of the 
obstruction and the amount of collateral circulation 
could be demonstrated. Involvement of the wall of 
the vein by tumor could be seen as a constant patchy 
filling defect. 

Information gained from phlebography was found 
to be helpful in deciding the question of anticoagu- 
lant therapy, and in determining irradiation tech- 
niques. Patients with well developed collateral circu- 
lation were found to require comparatively small 
radiation doses for good clinical response and return 
to a state of compensation. With poor collateral cir- 
culation, comparatively high doses were necessary to 
produce clinical relief. With radiation doses above 
3,000 r, recurrence of the obstruction usually did not 
occur.— 4, W. Sommer, M.D. 


Rosin, P., Green, J., Horzwasser, G., and 
GERLE, R. Superior vena caval syndrome: 
slow low-dose versus rapid high-dose sched- 
ules. Radiology, Sept., 1963, £z, 388-401. 
(From: Strong Memorial Hospital, Roches- 
ter, N. Y.) 


Acute superior vena caval obstruction is one of the 
true emergencies encountered in radiation therapy. 
The clinical literature is somewhat inconclusive as to 
treatment, in most cases small doses of radiation 
and/or chemotherapy being advocated. The authors 
have instituted a relatively high rapid-dose schedule 
which has been successful, and they have modified 
accordingly their clinical approach to the problem. 

Generally, the diagnosis is made from this history 
and physical examination, plus a chest roentgeno- 
gram showing a mediastinal mass. Confirmatory 


studies include infrared photography, elevated ve-. 


nous pressure determination, occasionally phlebogra- 
phy, and if feasible, microscopic examination. Treat- 
ment is instituted without waiting for pathologic 
diagnosis, however. Central nervous system involve- 
ment is frequent. Particularly important is the elec- 
trulyte imbalance (water retention) with associated 
edema. 

A review of 13 patients with the low-dose schedule 
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advocated by many authors (50-100 r/day tumor 
dose) showed occasional worsening before improve- 
ment, and slow regression of symptoms. Seven pa- 
tients have been treated with a high-dose schedule 
(average 400 r/day). The technique has varied, but 
usually supervoltage was employed with a maximum 
dose of 4,000 r in 10 days. Treatment is started using 
large fields, with smaller doses and fields employed as 
improvement occurs. The high-dose schedules 
seemed uniformly more successful in producing 
earlier relief and maximum improvement sooner than 
low-dose schedules. 

Auxiliary measures may include 8 per cent urea in 
invert sugar given by vein; diuril and other diuretics 
may be administered concurrently. Chemotherapy is 
generally not used concurrently but might be indi- 
cated if only orthovoltage irradiation is available — 
F. C. Moore. M.D. 


Homes, K. S. The treatment of superior vena 
caval syndrome by high-dose grid technic. 
Radiology, Sept., 1963, &7, 402-406. (From: 
Christie Hospital and Holt Radium Institute, 
Manchester, England.) 


The author describes his method of treatment of 
superior vena caval syndrome due to carcinoma of 
the bronchus. One hundred thirty cases were 
analyzed. 4 dose of 4,000 to 5,000 rads was given to 
one anterior mediastinal field. In most cases 300 kv. 
roentgen rays were used and the field size varied. A 
40 per cent transmission lead grid was employed in all 
cases and the entire dose was administered in one 
session. 

Response was considered to be excellent in 48 per 
cent of the cases and some palliation was achieved 
in an additional 33 per cent. 

Complications attributable to the radiation were 
few. The short treatment period is considered an 
advantage for patients who are expected to survive 
for only a few months.—McClure Wilson, M.D. 


Cuu, FLORENCE C. H., Nisce, LOURDES, and 
LAUGHLIN, Joun S. Treatment of breast 
cancer with high-energy electrons produced 
by 24-mev. betatron. Radiology, Nov., 1963, 
ó7, 871-880. (From: Departments of Radi- 
ation Therapy and Physics, Memorial Hos- 
pital for Cancer and Allied Diseases, James 
Ewing Hospital, and the Sloan-Kettering 
Institute for Cancer Research, New York, 
N. Y.) 


This paper reports further experience with elec- 
tron beam therapy in carcinoma of the breast. Of the 
218 patients treated, 5o were for inoperable carci- 
noma, and 135 for metastases; the remaining 33 re- 
ceived postoperative irradiation. The electron beam, 
with the physical characteristics of abrupt termina- 
tion of radiation, controllable depth of penetration, 
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and no differential bone absorption, was considered 
desirable for further evaluation as being superior to 
conventional methods. The electron stream origi- 
nated in a 24 mev. betatron and the energies used 
varied from 6 to 22 mev., depending on the desired 
depth of penetration; polvstyrene wedges were em- 
ployed occasionally. 

The treatment was planned to deliver approxi- 
mately 6,000 rads to the breast in 6 to 7 weeks, and 
4,000- 5,000 rads to the lymph nodes in 4 to 5 weeks. 
The skin dose was 8 ๐ to go per cent of the incident 
dose. Recurrent or metastatic tumors received 5,000 
to 5,000 rads in 3 to § weeks, Conversion factors for 
computation of doses are described. 

Clinical evaluation of tumor response showed a 
favorable response in 39 of the so patients treated 
for inoperable carcinoma, with a mean duration of 
regression of tumor of 12 months. One hundred of 
13$ patients with recurrent or metastatic disease 
showed improvement with a mean duration of im- 
provement of 8 months. Skin erythema became 
noticeable at 1,500 to 2,000 rads; when a skin dose of 
4,000 to 4,500 rads was given in 4 to § weeks, there 
was moderate to intense erythema, usually followed 
by dry peeling with minimal tanning. A dose of 6,000 
rads to the entire breast usually produced a brisk 
reaction, frequently followed by moist desquamation 
which cleared without sequelae. Radiation pneu- 
monitis and fibrosis had an incidence of 8 per cent 
and retrospective analysis suggests the causes for 
this. One patient had spontaneous fractures of 
several ribs, most likely due to hot spots caused by 
misalignment of adjacent fields. Systemic reactions 
were minimal. 

The incidence of fibrosis and pneumonitis was 
lower with betatron therapy than with supervoltage 
and much lower than with orthovoltage. Very large 
breasts may be better treated with supervoltage, or 
tangential fields requiring more than 16 cm. separa- 
tion. However, the authors feel that the advantages 
of electron beam therapy for superficial tumors such 
as breast outweigh the disadvantages, and have 
found the method to be worthwhile, convenient, and 
effective.— Y. C. Moore, M.D. 


Lawrence, Joun H., ไอ น แร, CORNELIUS, À., 
Born, James L., GOTTSCHALK, ALEXANDER, 
Linroot, JouN A., and KLING, ROBERT P. 
Alpha particle and proton beams in therapy. 
7.A.M.A., Oct. 19, 1963, 786, 236-245. 
(From: The Donner Laboratory and Law- 
rence Radiation Laboratory, University of 


California, Berkeley, Calif.) 


Heavy particles are so called because they actu- 
ally are heavy when compared with the weight of the 
electron. The neutron is approximately 1,890 times 
the weight of the electron and other particles are 
proportionately heavier according to the number of 
protons and neutrons within their nucle. These 
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particles have distinctive physical characteristics. 
Irradiation with heavy particles produces dense 
jonization in tissue and such a beam has great pene- 
tration with little scatter. Moreover, the denser 
ionization of the tissue at the Bragg peak produces a 
greater RBE and irradiation with heavy particles has 
been observed to be relatively independent of the 
oxygen effect over a portion of the Bragg peak. 

With the possibility of irradiating localized lesions 
in tissues with little damage to surrounding struc- 
tures, uses for these particles in neoplastic, metabolic 
and neurologic diseases have been found. The paper 
summarizes a IO year experience with this form of 
therapy. 

HYPOPHYSEAL ABLATION, Treatment to the pitui- 
tary gland was carried out in patients with breast 
cancer, diabetic retinopathy, acromegaly, Cushing’s 
disease and malignant exophthalmos. 

Breast cancer. A total of 159 patients with ad- 
vanced metastatic disease was treated to the pitui- 
tary gland with 9 ๐ ๐ mev. alpha particles in doses of 


evaluations were done on all of the patients before 
and after treatment. Remission of disease occurred in 
about 30 per cent of cases with those patients who 
had metastasis to bone showing a better response 
than those with soft tissue and organ metastasis. 
Results approximative of those of surgical hy- 
pophysectomy were obtained. 

Diabetic retinopathy. On the basis that diabetic 
retinopathy disappeared in patients who developed 
spontaneous hypopituitarism a total of 7g patients 
with severe diabetic retinopathy received pituitary 
irradiation, 8,000 to 12,000 rads, in an attempt to 
slow down the progressive disease process. Subjective 
visual improvement as well as objective improve- 
ment of the eve grounds did appear in some patients 
but in general the retinopathy was seldom signifi- 
cantly improved. 

Acromegaly. Twenty-one patients received 3,000- 
7,000 rads in 11 days to the pituitary gland with 
heavy particle beams. Both subjective and objective 
improvement occurred in these patients. Of note 1s 
the fact that 6 of 9 patients with abnormal glucose 
tolerance curves prior to treatment showed return to 
normal of these curves after treatment. The authors 
believe that this represents the first incidence of ex- 
ternally delivered energy which influenced the meta- 
bolic function of the acromegalic pituitary gland. 

Cushing 5 disease. Three patients were treated and 
all had favorable remissions of some degree with 
doses from $,000-10,000 rads to the pituitary gland. 

DIRECT TUMOR THERAPY. Heavy particle irradia- 
tion was carried out in visceral neoplasms and brain 
tumors. In the treatment of patients with brain 
tumors, 1 with recurrent oligodendroglioma and 2 
others with astrocytomas, the ability of heavy par- 
ticle beams to sterilize the treated field was demon- 
strated. Recurrences in 2 of these 3 patients were 
outside the treatment field. 
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Heavy particle, high energy beams are also being 
used in other conditions such as Parkinson's disease, 
intractable pain and psychic disorders, with effective 
results.—PAilip Rubin, M.D. 


Devanaye, R. P., ISNARD, J., and Pvanp, M. 
Les lymphosarcomes du caecum. (Lympho- 
sarcoma of the cecum.) 7. de radiol., d'élec- 
trol. et de méd. nucléaire, Oct., 1963, 44, 625- 
634. (From: Services d’Electroradiologie et 
de Chirurgie de l'Hópital militaire. d'In- 
struction Dominique-Larrev, à Versailles 
[Seine-et-Otise], France.) 


Lymphosarcoma of the digestive tract is rather 
infrequent and involvement of the cecum is very 
rare, there being less than 100 cases reported in the 
literature. One of the difficulties encountered in 
surveying the literature is the fact that English 
language publications use the term "malignant 
lymphoma” to include lymphosarcoma and other 
conditions; therefore, a satisfactory statistical evalu- 
ation of the incidence of the disease cannot be easily 
obtained. 

Lymphosarcoma of the cecum may occur at any 
age between 3 and 73 years. The highest incidence, 
however, is in the first two decades of life. The con- 
dition is more prevalent in men, being 4 times more 
frequent than in women. 

From the clinical point of view lymphosarcoma of 
the cecum often constitutes a surgical problem. The 
patient presents symptoms of abdominal pain, usu- 
ally right lower quadrant pain, difficulty in transit 
of the intestinal contents with partial and eventual 
complete obstruction, marked and early inanition 
and a clinically palpable tumor. 

The lesion develops in the submucous lymphatic 
structures of the cecum often involving the ileocecal 
region as well as the distal ileum. The growth of the 
tumor may be longitudinal involving a large segment 
of bowel or it may be circular with intrusion into, 
and narrowing and eventually occlusion of, the in- 
testinal lumen. Erosion of the mucosa may occur, 
resulting in bleeding. 

The authors report 2 cases, both males of 23 and 
34 years of age respectively. The presenting symp- 
toms were right lower abdominal pain, palpable right 
lower abdominal mass, loss of weight and incomplete 
obstruction. 

The importance of contrast studies of the gastro- 
intestinal tract in the diagnosis of this lesion as well 
as in determining its extent and location is stressed. 

Treatment may be by means of (1) surgerv, (2) 
radiation therapy, and (3) chemotherapy. In the 
authors’ experience the first two, singly or in com- 
bination, are the recommended methods of treat. 
ment. 

Five figures representing reproductions of roent- 
genograms and sketches and i table accompany this 
article.. liam H. Shehadi, M.D. 
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CHIAPPA, S, GALLI, G., BARBAINI, S., Ravasi, 
G., and Bacrrawr;, G. La lymphographie 
peropératoire dans les tumeurs du testicule. 
(Preoperative lvmphangiography in testic- 
ular tumors.) Y. de radtol., d'électrol. et de 
méd. nuciéaire, Oct., 1963, 44, 613-624. 
(From: Institut de Radiologie de l'Université 
de Milan, and Institut National Victor- 
Emmanuel-IHI pour l'Etude et le Traitement 
des Tumeurs, Milan, Italy.) 


The authors report their experience with lymph- 
angiography in 9 cases of testicular tumors. Instead 
of performing lymphangiography by introducing the 
contrast material into the web between the toes of 
the foot, as described by Kinmonth, the authors used 
the collecting lymphatic trunks of the spermatic 
cord. 

After surgical removal of the involved testicle 
approximately § cc. of “ultrafluid” lipiodol was in- 
jected into several lymphatic trunks of the spermatic 
cord. The injection must be done slowly, introducing 
approximately t cc. in 8-10 minutes, so that slipping 
of the needle or rupture of the lymphatic channels is 
avoided. In 2 cases in which lymphangiography was 
performed, both through the spermatic cord and the 
webs of the toes, it was found that the lymph nodes 
were more adequately opacified through the sper- 
matic cord. 

This technique developed and reported for the 
first time by the authors is recommended as a 
routine procedure following orchidectomy so as to 
clearly delineate the draining lymphatics and identify 
the lymph nodes which may be enlarged due to 
metastatic malignant disease. Identification and 
localization of the involved lymph nodes in this 
manner is of utmost importance in determining the 
fields to be used in radiation therapy. The contrast 
material is retained in the lymph nodes for a suffi- 
cient length of time to permit follow-up examination 
after radiation therapy. The large lymph nodes are 
seen to be reduced in size or an abnormal pattern to 
return to normal. The displaced lymphatic channels 
due to enlargement of the retroperitoneal lymph 
nodes return to normal position, indicating successful 
results from radiation therapy. 

There are no contraindications and no ill effects 
have resulted from this examination. =W illiam H. 
Shehadi, M.D, 


RADIOISOTOPES 


SEITZMAN, Davip M., HaLaBy, Fovap A., 
FLANAGAN, PauL, WRIGHT, ROBERT, and 
FREEMAN, JAMES H. Intralymphatic radio- 
isotope therapy. Surg., Gynec. & Obst, Jan., 
1964, 778, $2-58. (From: Urology Service, 
Departments of Surgery, Radiologv, and 
Pathology, Walter Reed General Hospital, 
Washington, D. C.) 
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The authors propose to treat neoplasms which are 
primary in, or which have extended to, the abdominal 
and pelvic lymphatics and lymph nodes by the intra- 
lymphatic injection of ethiodol tagged with I. This 
concept is not a new one, for over the vears in- 
vestigators have injected radioactive colloids and 
cytotoxic drugs in the hope that these agents might 
reach lymph nodes and destroy tumors there, In- 
evitably the problem is the same as that which con- 
fronts the present authors in that lymphatics blocked 
by tumor will not permit the passage of the ther- 
apeutic agent, and lymph nodes occupied by tumor 
will not take up tumor-lethal quantities of the agent. 
The proposed method must then find its applicability 
in those cases in which tiny foci of lymphomatous 
disease or small lymph node metastases are present. 

The authors have employed their technique in a 
study of 15 patients who had, in the main, testicular 
carcinomas, and who were to undergo lymphade- 
nectomy. Total dose, delivered in the form of P™ 
substituted for the inert iodine which makes up 37 
per cent of the weight of the ethiodol molecule, 
varied from 3.5 to 33.03 millicuries. Dose calcula- 
tions were attempted on the basis of the preoperative 
Iymphangiogram, and an attempt was made post- 
operatively to relate the calculated dose to the 
apparent radioactive content of the lymph nodes 
from the operative specimen. 

The study is an interesting one, but the method 
described seems to have a limited range of applica- 


tion to malignant disease involving lymph nodes.— 


Frederick T. Bonte, M.D. 


CROLL, MILLARD N., Suuman, Larry H., 
STANTON, LEONARD, and Czarnecki, CASI- 
MIR. Radioisotope placentography: a bed- 
side procedure. 7. Nuclear Med., Nov., 1963, 
4, 417-425. (From: Departments of Radi- 
ology and Obstetrics and Gynecology, Hahne- 
mann Medical College, Philadelphia, Pa.) 


The authors present a unique method of determin- 
ing the position of the placenta by the use of [I 
labeled human serum albumin. The attempt was to 
develop a reliable, safe, and convenient method, and 
one that could be applied at the patient's bedside. 

'The method consists of giving 20 drops of Lugol's 
solution orally to the patient 2 hours prior to the 
study. Five microcuries of radioiodinated human 
serum is then injected intravenously and 10 minutes 
allowed for distribution of the material in the 
maternal circulation. The abdomen is divided into 13 
counting areas with the xiphoid process acting as a 
reference point. Counts are made over these areas 
with a miniaturized scintillation detector and with 
the use of a small portable decade scaler. Specific 
details are given as to the placing of the detector. 
The counting areas are illustrated. 

Fifty-seven patients were studied. The diagnostic 
accuracy of localization of the placenta was 89.5 per 


Abstracts of Radiological Literature 118 


re 


cent. Confirmation of the results was obtained by 
cesarean section or manual extraction of the placenta 
at the time of delivery. Five figures are included to 
Mlustrate the results of various positions of the 
placenta. 

There follows a discussion of the radiation hazards 
of the procedure. Whole body radiation to the fetus 

‘as estimated at 6.5 mrads and to the mother, 15.0 
mrads. The dose to the fetal thyroid was estimated at 
2,500 mrads and 250 mrads to the mother's thyroid. 
These thyroid doses are without blocking with 
Lugol’s solution; they are compared with 1,000 
mrads to the whole body and thyroid of the fetus and 
5 mrads to the maternal thyroid which are obtained 
during exposure of 2 abdominal scout roentgeno- 
grams.—/filliam K. Littman, M.D. 


Hine, GERALD J, Color-coded digital print-out 
for radioisotope scanning. 7. Nuclear Med., 
Nov., 1963, 4, 439-445. (From: Radioisotope 
Service, Boston Veterans Administration 
Hospital; Department of Medicine, Boston 
University School of Medicine; and the 
Boston University Medical Center, Boston, 
Mass.) 


Numerical print-outs are helpful for locating areas 
of increased activity in radioisotope scanning, but are 
not practical for outlining an organ or the isotope 
distribution within an organ. Black and white print- 
out systems delineate boundaries between areas of 
high and low concentrations very well, but may ob- 
scure a gradual change in concentration or miss an 
area of low concentration due to background cut-off 
selection, 

Quantitative information can be obtained from a 
scan if the color of the print-out changes with the 
counting rate. This allows the printing pattern to 
show isotope distribution and the printing color in- 
dicates the variations in concentration. 

Eight parallel colored typewriter ribbons are em- 
ployed. A special carriage device that moves the 
colored ribbons beneath the printing stylus is con- 
trolled by a count-rate meter so that the printing 
color changes with the count rate. The ribbons are 
arranged in a rainbow spectrum with red on one end 
and purple on the other. First an attempt is made to 
locate the highest count rate in the organ to be 
scanned. The rate meter is then adjusted to about an 
88 per cent level of the counting rate so that red is 
printed at this level down to about the 13 per cent 
level where purple is printed. Seldom is there diffi- 
culty in the choice of these two selections. 

Four figures of color-coded print-out scans are 
presented: one thyroid, one liver, and two kidney. 

A change in color delineates clearly areas of differ- 
ent count-rate without losing any information due to 
a preselected cut-off level. This provides an un- 
ambiguous interpretation of the information con- 


tained in a radioisotope scan.—William K. Littman, 
ALD. 
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ScHÜüssLER, Ricuarp. Untersuchungen über 
die Stabilität jodhaltiger, wasserléslicher 
Rontgenkontrastmittel unter der Einwirkung 
von sichtbarem Licht, Ultraviolett und 
radioaktiver Strahlung. (Investigations of 
the stability of water-soluble, iodinated, 
roentgen contrast media to exposure to 
visible and ultraviolet light and to radiation 
from radioactive material.) Strahlentherapie, 
Oct., 1963, 722, 311-319. (From: Strahlen- 
institut der Universitat des Saarlandes, 
Homburg/Saar, Germany.) 


The stability of the iodine-binding of the contrast 
media, abrodil, per-abrodil, urografin, and biligrafin, 
to exposure to visible light, ultraviolet light, and the 
radiation from I"! was investigated. The following 
conclusions were reached: 

(1) All the contrast media investigated lost iodine 
from their molecules under the influence of these 
radiations. 

(2) The aromatic compounds (per-abrodil, uro- 
grafin, and biligrafin) yielded the iodine as iodide ion, 
but*at concentrations of less than Io per cent free 
iodine also appeared. 
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(3) The aliphatic compound (abrodil) yielded 
mainly free iodine. 

(4) Simply using light-tight storage for contrast 
media, and low specific activity in tagged substances, 
prevented measureable separation of iodine from the 
contrast molecule.—Henry G. Moehring, M.D. 


Lyon, Harvey W., CONARD, ROBERT A., and 
GLASSFORD, KENNETH F. Long-term intra- 
oral findings in humans after exposure to 
total-body irradiation from sudden radio- 
active fallout. I. Five year postdetonation 
studies. T. Am. Dent. A., Jan., 1964, 68, 
31-38. (Address: Dr. H. W. Lyon, Bethesda, 
Md.) 


The study of 239 Marshallese exposed to total 
body irradiation in February, 1954, from fallout 
after detonation of a 15 megaton thermonuclear de- 
vice 1s presented with special reference to long term 
intra-oral findings. 

The authors conclude that the incidence of caries 
and periodontal disease was high in both irradiated 
and nonirradiated control subjects. There appeared 
to be no significant increase in diseases of oral struc- 
tures directly or indirectly attributable to total body 
exposure to doses of from 1§ to 175 roentgens.— 
David C. Alftine, M.D. 
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equipment, this rule is particu- 
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equipment can be determined 
only by the lowest cost at which 
the x-ray function can be reliably 
performed. And. as you know, 
x-ray equipment is only reliable 
when it gives vou savings in time, 
trouble and expense over vears 
of ownership... when patient 
schedules are protected to the 
greatest degree against. break- 
downs... when you receive 
working flexibility to meet any 
situation... when you get serv- 
ice without delay. 
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Westinghouse presents ALLVIEW...a quality compact telefluoroscopic system 


Westinghouse ALLVIEW presents a versatile, flexible, 
smooth operating system of total telefluoroscopy. A 
complete fluoroscopic examination can be conducted 
either at table-side or at the position of the remote con- 
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driven table has a safety ceiling limiter feature. TELE- 
CON, a direct coupled high gain image intensifier with 
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a lighted room using low radiation. TELECON is easily 
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permits excellent spot-film radiography at table-side or 
from the remote control center. TELEFLUOROSCOPIC 
control center facilitates mechanical operation of all 
fluoroscopic motions including compression. Complete 
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the comfort of visual and voice contact. CATALINA 300 
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High resolution performance produces pictures of 
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extreme sharpness and clarity. Engineered and de- 
signed for long, hard use. VIDEO TAPE RECORDERS 
(optional). A compact unit that lets you record and 
review at will. 8 This is ALLVIEW. Designed for your 
budget with a realistic price that is appealing to admin- 
istration. For specifications, write Westinghouse Electric 
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Retrograde 

pyelography with 
“low incidence of 

reactions”! 


Other retrograde contrast media 
produced a 25-35%: reaction rate, 
but the rate was only 2% with Retro- 
grafin! (neomycin sulfate solution 
with methylglucamine diatrizoate) — 
a unique agent that combines a 
bactericidal agent of choice with a 
urographic medium. Efficacy and 
virtual absence of side effects have 
been amply confirmed in reports 
covering a total or 340 patients.1.2.3 

Clinicians are impressed by the 
diagnostic quality of films; well- 
defined ascending pyelograms, uni- 
formly excellent in detail, have been 
consistently obtained.1.2 Retrogra- 
fin (neomycin sulfate solution with 
methylglucamine diatrizoate) per- 
mits retrograde pyelography in pa- 
tients with a known or suspected 
active urinary infection. Moreover, 
new infection or spread of estab- 
lished infection was not reported.1.2.5 


RETROGRAFIN 


SQUIBB NEOMYCIN SULFATE SOLUTION WITH 


METHYLGLUCAMINE DIATRIZOATE 


Dosage and Administration: For single pyelogram— 
Retrografin (neomycin sulfate solution with methylglu- 
camine diatrizoate) —10-15 cc. For bilateral procedure 
— correspondingly larger dosage. Warning: Retrografin 
(neomycin sulfate solution with methylglucamine dia- 
trizoate) should not be given intravenously or intramus- 
cularly. 


Supply: Retrografin (neomycin sulfate solution with 
methylglucamine diatrizoate), providing 30°% methylglu- 
camine diatrizoate with neomycin sulfate equivalent to 
2.5% neomycin base-vials of 25 and 50 cc. Contains 
approximately 15% (3.7 Gm. per 25 cc.) firmly bound 
iodine. 

Precautions: Curare-like paralysis and respiratory arrest 
have occurred when neomycin was inadvertently intro- 


duced into the blood stream or peritoneal cavity, espe- 
cially in anesthetized patients. 


Contraindications: Should not be used for patients with 
known sensitivity to neomycin. 


For full information, see your Squibb Product Reference 
or Product Brief. 


References: (1) Brimberg, J., et al.: New York State J. Med. 


59:2186 (June 
J. Urol. 81:332 
State J. Med. 


SQUIBB: 


1) 1959. (2) Bloom, J., and Richardson, J. F.: 
(Feb.) 1959. (3) Samellas, W., et al.: New York 
59:2570 (July 1) 1959. 


: ^ Squibb Quality — the Priceless ingredient 
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THE NEW, IMPROVED BARNES-HIND PVEUMOCOLON® 


One simple procedure for complete barium-air contrast studies... 
minimizing the possibility of contamination, 

Controlled barium flow is maintained through Pneumocolon’s 

positive pressure. 

Leakproof stability is assured by new cap and gasket assembly, 
Unbreakable flask is made of virtually indestructible linear polyethylene. 
Increased capacity, sufficent to complete any examination, is insured 
by Pneumocolon's new large (2,000 cc.) flask. 

Light, easy to handle. Compact design results in a Pneumocolon that 
measures only 81/2" from the base of the flask to the top of the iriangle. 


| BARNES-HIND BARIUM PRODUCTS 
DIVISION OF BARNES-HIND PHARMACEUTICALS, INC. 
sunnyvale, California 
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For absolutely 
unsurpassed 
sharpness of 
radiopaque 
delineation, 
either in air con- 
irast or in other 
techniques, use 
BAROTRAST® 

It is a specially 
processed Barium 
Sulfate which 
mixes fo a 
virtually perma- 
nent suspension. 
Environmental 
changes during 
use do not result 
in precipitation, 
peeling, cracking, 
or clumping 

of the barium. 

Its low is steady, 
consistent, and 





columnar. Its cov- 
erage is complete. 
Hs coating is thin, 
elastic, tenacious. 
An ideal aid 

to precise 
examination. 
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A precise rendering of all the key anatomical d 
free of artifacts and fog—is essential for correct diagnosis. 
Then the radiologist may confidently apply his experience to the 





interpretation . . , sure in the accuracy of the reading. 


This quality of precision is the reason so many radiologists rely on 


Cu 





Ilford. Experience confirms that [ford X-ray Films provide the precise 


h 


ge of opacities and the 





sradation necessary for the widest possible ran 





involuntary movement, 


Ilford X-ray materials are crafted in the British tradition 





to the high 'st scientific standards. 


Available through your regular dealer. 


37 West 65th Street, New York, N.Y. 10023 
In Canada: W. E. Booth Co. Limited, 12 Mercer Street, Toronto 2B 
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TYPE N for use with intensifying screens 
Speed: fast 

Contrast: good 

Grain: normal 

Base: blue, safely 


Type N film is faster than the most widely used 
medical X-ray film in the United States—and it costs 
less. This film is available with square corners in 
boxes of 25 or 75 interleaved sheets. For rounded 
corners, and extra savings on economical Ferrania 
prices, order Type N in bulk packages of 300-sheet 
interleaved, or 500-sheet non-interleaved films. 
Bulk-packed Type N film is specially designed for 
processing in all automatic developing units. 


SIMPLEX non-screen, for use with direct X-rays 
Speed: very fast 

Contrast: good 

Grain: fine 

Base: blue, safety 

No cassette is needed with Simplex film—each 
sheet is sealed in a lightproof exposure envelope 
for radiography of limbs and extremities. Con- 
venient guide lines divide the upper surface of the 
envelope permitting accurate masking of the film 
into four separate exposure areas. 25 Simplex ex- 
posure envelopes are packaged per box, 


GAMMA for ultra fine tissue work 
Speed; slow 

Contrast: extremely high 

Grain: extremely fine 

Base: blue, safety 


This new Ferrania film brings unprecedented detail 
to mammography and other ultra-fine tissue radio- 
graphy. Gamma film is compatible with all standard 
developing systems, and is packed 25 exposure 
envelopes per box. 


IC? for very fine tissue work 
Speed: medium 

Contrast: high 

Grain: very fine 

Base: blue, safety 


IC2, slightly faster than Gamma film, permits addi- 
tional savings for mammography and similar fine 
tissue work when the maximum requisites are high 
contrast and very fine grain. 11 is packed 25 exposure 
envelopes per box.. 


X2A and X3V for photof!uorography 

Speed: fast 

Contrast: high 

Grain: fine 

Base: blue, safety 

Ferrania films for photofluorography record all de- 
tails of the smallest structures. X2A is highly 
sensitive to blue and violet light, and is used with 
blue fluoréscing screens. X3V is orthochromatic, 
and is used with yellow-green fluorescing screens. 
Both films are available in 100- or 550-ft. rolls of 
70mm-wide film, wound emulsion side in on cores. 


DIRECT POSITIVE for fast reproduction 


Speed: medium 

Contrast: excellent 

Grain: fine 

Base: clear, safely 

The special, clear safety base of this film permits an 
exceptional reproduction of any radiograph. None 
of the definition or contrast of the original will be 
lost. In fact, this film can actually be used to im- 
prove these factors. Direct positive film does not 
utilize intermediate copies and makes reproduc- 
tions in as little as two minutes. It is packed in 
boxes of 25 interleaved sheets. 





Seven ferrania 
X-ray films meet 
your needs for 
quality radiographs 


Ferrania offers substantial savings on excellent 
medical X-ray films for all diagnostic applica- 
tions. Name your requirement—screen or non- 
screen radiographs, fine tissue work, or photo- 
fluorography. Ferrania has sixfilms of unmatched 
quality to fill these needs. The seventh, a high- 
contrast, direct positive film, reproduces even 
the finest details of a radiograph. Ferrania- 
formula chemicals, in addition, guarantee that 
the high contrast and clarity of Ferrania films 
will be retained during processing. 


Every sheet and roll of film meets Ferrania’s 
exacting standards of performance. This is true 
for the film you buy today, next month, or next 
year. Such consistency is the result of Ferrania's 
exacting quality control program— one that has 
supplied films of premium quality to the world 
for more than 35 years. 


To find out more about Ferrania quality, test it. 
A request to Cenco X-Ray brings a test quantity 
of film (any of the seven types) and a catalog 
from your local Ferrania dealer. Also included: a 
copy of Radiographica, a technical journal of 
X-ray diagnosis published as a service by 
Ferrania. CXR-4-212 


U.S. DISTRIBUTOR OF 


ferrania 


x-R Y 
A RADIOGRAPHIC MATERIALS 
a division of Cenco Instruments Corporation 


1700 Irving Park Road ๑ Chicago, Illinois 60613 


Sales offices and warehouses: 
Jamaica, N. Y., Chicago, lll., and Santa Clara, Cal. 
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formity to be found in the 
honeycombs of the tiny 
bee. A man-made wonder 


of uniformity is GEVAERT 


medical x-ray film— precisely G E VA E R T 


X-RAY FILM 


quality-controlled to assure 





Exclusive Distributors: 


LOW X-RAY CORPORATION 
161 Sixth Avenue, New York 13, N.Y. 


๑ NATIONWIDE WAREHOUSING . 


the radiologist the ultimate in 
consistently fine performance 


Offices: 501 Armour Circle N.E., Atlanta 9, Ga. 9 6611 N. Lincoln Ave., Chicago 45, Ill. © 7307 Ardmore Street, Houston 21, Tex. © 2304 Sawtelle Blvd., Los Angeles 64, Cal 
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CL's 


Designed with the forward look . . . to encompass all require- 
ments of Cobalt teletherapy anticipated during the 1960s. The 
versatile THERATRON 60 is a superb combination of design 
sophistication and outstanding craftsmanship, featuring: 


e Increased range of field sizes — to 25 cm X 25 cm at 60 cm 

* Detachable high density beam sharpeners 

๑ Precision, built-in treatment stretcher, with isocentric 
single point suspension and maximum, uniform beam 
transmission 

๑ Built-in x-ray localizer and transit dose monitor (optional) 

* High density beam shapers, wedge filters, beam flatteners 
and a wide selection of other beam control and position- 
ing accessories (optional) 

๑ Smooth modern design 

๑ Simple, efficient control system 

The accumulated knowledge and skills gained during more 

than a decade of successful experience, enables AECL to 

present the all-new THERATRON 60 at a surprising low 

cost. With its sister units, the Theratron 80 and the Eldorado 

6 and 8, it represents the finest in enduring quality and 

operational excellence. Full details on request. 


For complete details, please write to: 





ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products Divisions P.O. Box 93 » Ottawa » Canada 


THERATRON 60 


63.29 


Itis the definitive photo-mechani- 
cal isotope scanner. It offers a 
host of operating and perform- 
ance superiorities that take the 
guesswork out of scanning and 
that establish a new order of fi- 
delity, convenience, and reliability. 


Nuclear-Chicago's Model 1735 
PHO/DOT Isotope Scanner pro- 
duces a superb display of the 


location and concentration of iso- 
topes in organs or areas of the 
body. Data is recorded on X-ray 
film by a photorecording system 
and is also printed on paper by a 
dot recording system. 


The instrument incorporates 24 
significant advances in both hu- 
man engineering and electro-me- 
chanical design. 


These advances are the key to 
PHO/DOT's increasing accept- 
ance and are portrayed in red by 
the symbols above. They con- 





PHO/DOT IS A NUCLEAR-CHICAGO TRADEMARK 


tribute materially to simplified 
procedures and all but eliminate 
the chance of operator error. 


Your Nuclear-Chicago sales en- 
gineer will be happy to review 
PHO/DOT for you in detail. Please 
consult him or write for our PHO/ 
DOT brochure. 


© 


NUCLEAR-CHICAGO 


A DIVISION OF NUCLEAR-CHICAGO CORPORATION 


307 Howard, Des Plaines, lllinois 60018 


It is the sensitive new high-speed 
scintillation camera. It accurately 
pictures the distribution of iso- 
topes in the body in from one to 
fifteen minutes and produces 
stop-motion images of dynamic 
processes. 


Nuclear-Chicago's Model 6401 
PHO/GAMMA Scintillation Cam- 
era rapidly and with great sensi- 


tivity visualizes isotope distribu- 
tion in the body. Readout is 
displayed on a cathode ray oscil- 
loscope and is then recorded on 
photographic film. 


Completed images are achieved 
three to ten times faster than pos- 
sible with even so superior a 
photo-mechanical scanner as 
PHO/DOT on the opposite page. 


PHO/GAMMA also produces 
rapid-sequence pictures of the 
flow of isotope-labelled com- 
pounds into and out of an organ. 





PHO/GAMMA IS A NUCLEAR-CHICAGO TRADEMARK 


Such ‘isotope movies'' (repre- 
sented above in red) provide pre- 
viously unobtainable insights into 
body processes. 


Your Nuclear-Chicago sales en- 
gineer can describe the success- 
ful operation of the first instru- 
ments already installed.nuc:p-4-217 
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NUCLEAR-CHICAGO 


A DIVISION OF NUCLEAR-CHICAGO CORPORATION 


307 Howard, Des Plaines, Illinois 60018 
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CROBARIUM* 





the ideal product for air contrast colon studies, because... 
Excellence of mucosal coating — continuous and non-segmenting. 
Non-flocculating, even on ‘‘post-evac.”’ 


Coating does not tend to dry, crack or peel after repeated evacuations 
or prolonged examination. In 10, 50, 100 and 250 Ib. containers. 


Professional sample supply available on request 
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NEW YORK 12, N. Y. 
IN CANADA / J. R. GILBERT, LTD., TORONTO 9, ONTARIO 


A Study in Contrasts... 








is Fort Knox 


... Where the Nation's gold is stored. 


















It's safe. It's huge. It's most difficult .. are 
to enter. It takes many people to 

operate Fort Knox. The vaults WOLF 
cost a great deal. If we require File 
more storage space, our Gov- 

ernment must build an- Staks UNS 
other Fort Knox. ... Where the Nation's 


radiographic records are 

stored. They are safe. They're 

compact. They are very easy to 

enter. It takes only a finger-tip to 

operate File Stak doors. File Staks cost 

very little. If you require more storage 
space, you need only to add another File Stak. 


Question: What do these two developments have in common? 


ANSWET: They are the Nation's choice in solving its 
film-storage problems. 


Why don’t you select the safety, compactness, ease and economy of Wolf 
File Staks to solve your storage requirements?...Wolf...dedicated to cre- 
ating Tomorrow's Traditions... Today. 


WOLF X-RAY PRODUCTS INC. 


Manufacturing Headquarters 


93 UNDERHILL AVENUE, BROOKLYN 38, NEW YORK 


Western Service Center 
1909 West Ninth Street, Los Angeles, California 
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DUPONT 
ANNOUNCES 
CRONEX... 


a new and carefully conceived range of emulsions and 
screens designed to give you the precise latitude, contrast 


and speed YOU want in your practice of roentgenology ... 
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CRONEX Il 


CRONEX III 





Xtra Life 


A full range of densities with 
a wide margin of latitude... 


Roentgenographs made on CRONEX | 
to show the range of underexposure and overexposure 
which still produces a diagnostic image. 





150 MaS 200 MaS 250 MaS 





37.5 MaS 50 MaS 60 MaS 





20 MaS OR A MQ ร ว แส ๑ ๕ ๑ 


Even in the higher KV ranges, 
this new film develops rich blacks, 
while providing an optimum 


level of contrast... 





80 MaS 5 MaS 





50 MaS 3 MaS 


You enjoy the best combination 
of speed, contrast and clarity 
avallable with this new, 
high-definition emulsion. 


Note the exceptional speed-contrast level of CRONEX III 
indicated by step wedge below phantom skull. 





CRONEX 
for automatic 
processing 


CRONEX films are specifically designed 
for today's roentgenography. They give 
sharply defined images, have high optical 
clarity, high safelight tolerance and a full 
tonal range for outstanding contrast. 


CRONEX films, on the remarkable 
CRONAR polyester film base, give new 
reliability in automatic or manual pro- 
cessing. The base is almost impervious to 
water and solutions. So CRONEX films 
don't go limp, do transport in automatic 
units with less chance of jamming. 


CRONEX for 


CRONEX films, pre-cornered for truly 
automatic handling, come in easy-open- 
ing Thrift-Pak pouches with no interleav- 
ing paper to create dust or disposal 
problems. 


New emulsions on a new base—de- 
signed to work with new screens and 
in automatic equipment—are bound to 
make a difference in your results. When 
you snap a CRONEX film up on the view- 
box, you'll see (and feel and hear!) this 
difference. 


your professional 


evaluation... 


We've prepared professional CRONEX 
film samples which we want to have you 
evaluate. Du Pont Technical Representa- 
tives are at your service to demonstrate 
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the CRONEX line—and there’s so much 
more behind the CRONEX story to tell 
that they'll welcome an immediate oppor- 
tunity to see you. 


BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY 
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ORATION 
recognizes your need 
for a full range 
01 focal spot 
size combinations 


and will continue to offer 
the combinations listed below 









0.3 mm - 1.5 mm 

O.3 mm - 2.0mm 

O.5 mm - 1.5 mm 

0.5 mm - 2.0mm 

1.O mm — 2.0 mm 

tS mm = 31.5 mm 

O.3mm -- 1.0 ท า ท า 
0.7 ท า ท า - 2.0 ท า ท า 

...and new combinations achieved through the experience of 


designing and building X-Ray and Valve Tubes to fit your 
exact needs in the specialized field of applied Roentgenology. 











Write 


CORPORATION 
Producers of Tubes for Standard and "Special Requirements" 


1023 SOUTH PUSHECK ROAD + BELLWOOD, ILLINOIS 








three-phase x-ray equipment 
Triplex pan 


with . 


@ Mechanical or electronic contactor 


e High tension transformer equipped with 
selenium rectifiers in twelve-pulse 
system 


€ Operation of up to four double-focus 
X-Ray tubes 


€ Capacity—1000mA at 100kV 
300mA at 150kV 


€ Exposure timer: 1/360 to 8 seconds 
e Two or three component operation 
€ Automatic tube protection 


€ Exposure rates: 
Electronic contactor—to 50/sec. 
Mechanical contactor—to 8/sec. 





For complete information SCHICK X- RAY 


contact your local X-Ray dealer ji 
company, inc. 


444 North Lake Shore Drive ๑ Chicago, Illinois 60611 
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In cholecystogra 





iy coming events will cast their shadows 


The need for gallbladder surgery, for example. Better contrast visualization, of course means 
more precise diagnosis — the reason why well-tolerated Telepaque (brand of iopanoic acid) 
has so firmly established itself in oral cholecystography and cholangiography. Telepaque not 
only provides gallbladder shadows with better contrast, and improved visualization of the 
ducts, but it does so without disturbing gallbladder physiology. Convenient and economical, too. 


Side effects, which are usually mild, include nausea, vomiting, diarrhea, dysuria. Contraindica- 


tions are acute nephritis and uremia, and gastrointestinal disorders which prevent absorption 
of the medium. 








Usual Dosage: 3 Gm. (6 tablets) at night after a light supper. Tablets of 500 mg., envelopes of 
6 tablets, boxes of 5 and 25 envelopes; and bottles of 500. 


® 
well-tolerated medium with distinctly better contrast Tel e Da (] Hj e 


brand ot lOpanoic acid 


$ 


SIEMENS 


Exposure Automation 


Automatic processing equipment has eliminated 

practically all darkroom problems. Further simplification and 
greater efficiency of the radiographic procedure 

can only be achieved by advanced generator designs 


such as found in the 


TRIOMAT 


a fully automatic 3-phase diagnostic unit. 






Dimensions 
in inches 


-= aA o. DO oO e 








Further information through your X-Ray Dealer or 


SIEMENS MEDICAL OF AMERICA INC. 
685 LIBERTY AVE. - UNION : N. J. 





HAVE YOU SEEN gom 
THE REVOLUTIONARY 


MARCONI 
IMAGE 
AMPLIFIER 


NOW INSTALLED | 
IN MAJOR HOSPITALS 













® Operates any number of monitors... 
useful for consultations and in teaching 
hospitals, as transmission can be made 
to other departments. 

® 16 or 35mm Cine camera facility makes 
it possible for the first time to produce 
continuous record of the large fluoro- ® Fine grain 50 ASA film is used. 
scopic image at doses tolerable to the œ TV circuitry is 1024 line triple interlaced. 


patient. ® Orthicon Optics f 0.68. 


© Dark adaptation is unnecessary. * [mage magnification switch. 


๑ 70mm spot film recording. * [mage reversal switch—positive or 
€ Simultaneous fluoroscopy and recording. negative. 


9 Amplifier can be attached to most 9 Frame speeds 7-12, 15, 30 and 60 per 
standard X-Ray tables. second. 


THE MARCONI IMAGE AMPLIFIER IS SIMPLE TO OPERATE. 


ARCANUS INFORMATION AVAILABLE 


THROUGH DEALERS OR 
WRITE DIRECT TO: 
IS TRIB UTORS 1400 DON MILLS ROAD, 
INC. DON MILLS, ONTARIO, CANADA 
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Companion product to world-famous 
Ansco High Speed X-ray Film 








New medium-speed 
ultra-high definition 
X-ray Film 





New Fine-X" Film brings you maximum definition made possible 
with no change in techniques used for other medium speed filins. 
Fine-X Film is compatible for processing manually or in all 
automatic roller-type processors. Available in both standard 
packaging and in economical Fine-pak" bulk packaging. 


hana 


Contact your Anseo Technical Representative or Dealer for 
a demonstration of this newest high 


definition film. A S C O 
For best results in all automatic rol- X-RAY PRODUCTS 


GENERAL ANILINE & FILM CORPORATION 
ler transport processors, use Ansco BINGHAMTON, NEW YORK 


Liquamat^ Chemicals. 


——— NEW MEDICAL REFERENCE BOOKS 


VASCULAR ROENTGENOLOCY 


Arteriography, Phiebography, Lymphography 


Edited by ROBERT A. SCHOBINGER, M.D. 

Clinic St. Anna, Lucerne, Switzerland, 

and FRANCIS F. RUZICKA, JR., M.D. 

The St. Vincent's Hospital of the City of New York 


REVIEW OF GROSS ANATOMY 


A Dynamic Approach 


By 8. PANSKY and E. L. HOUSE, 
New York Medical College 


CARDIAC ARRHYTHMIAS 


flectrocardiography, Diagnosis, Treatment 


By IOSEPH E, F. RISEMAN, M.D. and ELLIOT i, SAGALL, 
both of Harvard Medical Schoo!, New York 


CHEMICAL PROTECTION 
OF THE BODY AGAINST 
IONIZING RADIATION 


Edited by V. À. BALABUKHA, 
Academy of Medical Sciences, Moscow 


RADIATION MEDICINE 


Edited by 

A. i, BURNAZYAN and A. V, LEBEDINSKII 
{international Series of Monographs 

on Nuclear Energy, Biology Division, Vol, 1j 


EFFECTS OF IONIZING RADIATION 
ON THE REPRODUCTIVE SYSTEM 


[Proceedings of an International Symposium 
held ot Colorado State University!) 


Edited by WILLIAM D. CARLSON, Colorada 
State University, and the fate F. X, GASSNER, 
Formerly of Colorado State University 


PHYSICAL DIAGNOSIS 
OF HEART DISEASE 


By NOBLE ©. FOWLER, 
University of Cincinnati College of Medicine 


THE MACMILLAN COMPANY 


XXX 


An encyclopedic work, comorising 47 chapters by 93 specialists 
from hospitals and universities throughout the United States and 
from institutions in Japon, Russia, Czechoslovakia, Sweden, Ger- 
many, Austria, Switzerland, Canada, England, ond Ifaly. The 
book explains aff the important ongiogrophic techniques now 
used in radiology, vascular surgery, cardiology, internal med- 
icine, orthopedic surgery, urology, ond neurosurgery, as well as 
for many other research and clinical applications, Each tech. 
nique is described either by ifs originator or by a well-recag- 
nized authority in ifs use. The numerous Hlustrations include 
269 photos and 96 drawings. 


832 pages $35.00 


One of the most accurate visualizations ever produced on funda- 
mental regional anatomy, 940 original line drawings—-in color 
and black and white—clearly reveol the anatomy of the head, 
neck, dorsum, upper extremity, thorax, abdomen, pelvis and 
lower extremity. The accompanying fex! is arranged in outline 
form for quick reference. 


448 pages $8.95 


How to arrive ct the correct diagnoses of cardiac arrhythmias, 
as shown by thirty-two cose histories and ninety electrocardio- 
grams. This book describes the clinical picture of each arrhythmia 
and discusses the electrocardiogroms needed for a correct diag- 


nosis. includes an excellent guide to the nomenclature of 
arrhythmias. 
603 pages $15.00 


{international Series of Monographs on Pure and Applied Bie 
ology, Modern Trends in Physiological Sciences Division, Vol, 17] 
Reports on the synthesis of a number of protective chemicals 
faminothials and pyrimidine derivatives], describing their bi- 
ological testing, and explaining their mechanism of action, Ex- 
perimental investigations dealing with removal of radioactive 
isotopes from the body are treated in detail. 


162 poues A Pergamon Press Book $8.50 


A highly detailed analysis of the clinical and pathological effects 
of external and internal rodiation on mon and animals. In its 
emphasis on the central nervous system, this Russian study is 
sharply differentiated from Western research in radiation medi- 
cine. (The powerful influence of Paviov is also evident in this 


account of current Russian Biological fhinking.} The authors 
quote important experiments at length, 
363 pages À Pergamon Press Book $12.00 


31 original papers, panel discussions, and a summary article in 
which 64 scientists from industrial and university laboratories 
examine the basic anatomy, physiology, ond biochemistry of 
reproduction, and the alteration of its normal features by ioniz- 
ing radiation. 

$14.00 


478 pages À Pergamon Press Book 


Every sign and symptom of 19 categories of heart disease is 
explored in this new "working guide for specialists and gen- 
eral practitioners. Shows the physical symptoms and history that, 
along with radiologic studies, distinguish Zisenmenger s Syn- 
drome from a remarkably similor congenital heart disease, Dr. 
Fowler has emphasized diseases that can be cured by new sur- 
gical procedures, drugs, and other recent therapeutic advances. 


$12.50 


NEW YORK 10011 


521 pages 


60 FIFTH AVENUE 


VideoRecording 


instantly recreates 
your fluoroscopy 


——— rl OO ห อ อ อ ๓ Eee —. 
! $ ——n n | 
i 
`» , * 
: , 
A , 










it's like reliving the examination 


play it back immediately 


to provide on-the-spot confirmation of what you've 
done and guidance for further procedure (no waiting 
for darkroom processing as with cinefilm) 


slow it down 


decelerate to 1/60 normal speed for slow-motion 
survey of fast-moving action 


"freeze" a decisive moment 


Stop any significant frame for detailed scrutiny: 
hold it still for as long as five minutes 


study and restudy anytime, now or later 


recreate the examination as often as necessary 
without further irradiating the patient 


transmit to multiple monitors 
in the room itself, in the radiologist's office, 


in the auditorium — during the examination or any 
time later 


easy to record 
SONY 


ร ะ ร ง 1. pushbutton start and stop: by remote control at 
tableside or directly at recorder 


The SONY X-Ray Videocorder 


... Offers the added advantages of 
slow-motion and single-framing 


... is instantly adaptable to any existing TV equipment 
...1S marketed/serviced in the U.S.A. exclusively by Picker 


get the full story from your local Picker representative, or write 
PICKER X-RAY CORPORATION, White Plains, N.Y. 











FOR MAMMOGRAPHY AND 
CONVENTIONAL RADIOGRAPHY 


Machlett's new Dynamax "HD 40" 
wide range x-ray tube...24 to 125 PKV 


The Dynamax "HD 40” insert is a versatile tube capable of a broad range of radio- 
graphic use including mammography technics as well as conventional diagnostic 
procedures. 

The Dynamax “‘HD 40’’ can be used in existing shockproof units. Installed in Dynamax 
"HD 25," "25," "HD 30,” "30," "40," or 50” shockproof housings, the new insert 
gives present Dynamax units extended capability for mammography; it also provides 
increased thermal storage (to the Dynamax ''50" level) for conventional technics. 
The Dynamax “HD 40'' allows an extended range of radiographic factors for 
Mammography. 


EXAMPLE 1. EXAMPLE 2. 

Full Wave rectified, single phase Full Wave rectified, single phase 

Focal spot size: 2.0mm Focal spot size: 1.0mm 

PKV: 24 to 35 PKV: 24 to 35 

MAS: 1800 (6 sec x 300MA) MAS: 300 (3 sec x 100MA) 
High thermal characteristics at 125 PKV. Anode Heat Storage Capacity: 140,000 heat 
units. Anode Cooling Rate: 40,000 heat units. Write Machlett Laboratories or 


your X-Ray Dealer for details on The Dynamax “HD 40" —the versatile Dynamax insert. 


THE MACHLETT LABORATORIES,INC. 
SPRINGDALE, CONNECTICUT 


An 1113 ร 3511 2 แ weep 
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Medical — Dental — Industrial X-Ray Developing Tanks 


A complete selection of the newest 


send coupon for catalog B-36 
X-ray processing equipment. Finest 


| i NAME ง 3 5+ ไ ไ ไ 1 
type 316 stainless steel construction. ' Position 
Counter top and self-standing styles. COMPANY mm 
Insulated units, water tempering, ADDRESS 


CITY & STATE... 


146 LEEDAL, INC. 


2929 S. Halsted St., Chicago, IIl. 50608, 312 Victory 2-6588 





| and re-circulating equipment. 








| 
| 
| 
i 
| 
| 
| 


i 


eer NV pronsih vmi tatnen en M at 


"rit oar 





See these units on display at the Medical Merchandise Mart, Lincolnwood, Ill. 
West Coast Office: McCauley Co., 1814 W. 8th St, Los Angeles 57, Calif. 





HOW YOU CAN KEEP 


RADIATION a a DOSAGE 





TO A MINIMUM 


SE L-F X-RAY GRIDS 


Radiation dosage to patients is of consider- patient dosage low. There’s an L-F grid for 
able concern these days. L-F X-ray grids are every radiologic requirement. 


specially constructed with paper interspac- 
ers, They require considerably /ess dosage 
than other grids whose interspacers are 
made of more opaque materials. 


L-F grids are available in 31 different 
choices, in various ratios, lines-per-inch, 
and focal ranges. L-F gives you maximum 
cleanup and diagnostic clarity... and keeps 


LIEBEL-FLARSHEIM COMPANY 


CINCINNATI, OHIO 45215 
A DIVISION OF RITTER COMPANY INC. 
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FOR 


ALL 


FREE... write for your copy of revised 
booklet “Characteristics and Applications 
of X-ray Grids.” 


L-F PRODUCTS 








Yew medium-speed 
ultra-high definition 
X-ray Film 





New Fine-X" Film brings you maximum definition made possible 


by an extremely fine grain emulsion. And this advantage is yours 
with no change in techniques used for other medium speed films. 


Fine-X Film is compatible for processing manually or in all 
automatic roller-tvpe processors. Available in both standard 

Contact your Ansco Technical Representative or Dealer for 
a demonstration of this newest high 


definition film. A n S 
For best results in all automatic rol- X-RAY PRODUCTS 


GENERAL ANILINE & FILM CORPORATION 


ler transport processors, use Ansco 8 
Liquamat^ Chemicals. 


-NEW MEDICAL REFERENCE BOOKS 


VASCULAR ROENTGENOLOGY 


Arteriography, Phlebography, lymphogrophy 


Edited by ROBERT A. SCHOBINGER, M.D. 

Clinic St. Anna, Lucerne, Switzerland, 

and FRANCIS F. RUZICKA, JR., M.D. 

The St. Vincent's Hospital of the City of New York 


REVIEW OF GROSS ANATOMY 


A Dynamic Approach 


By B. PANSKY and E. 1. HOUSE, 
New York Medical College 


CARDIAC ARRHYTHMIAS 


Electrocardiography, Diagnosis, Treatment 


By JOSEPH E. F. RISEMAN, M.D. and ELLIOT L. SAGALL, 
both of Harvard Medical School, New York 


CHEMICAL PROTECTION 
OF THE BODY AGAINST 
IONIZING RADIATION 


Edited by V. A. BALABUKHA, 
Academy of Medical Sciences, Moscow 


RADIATION MEDICINE 


Edited by 

A. 1. BURNAZYAN and A. Y. LEBEDINSKII 
(International Series of Monographs 

on Nuclear Energy, Biology Diviston, Vol. 1} 


EFFECTS OF IONIZING RADIATION 
ON THE REPRODUCTIVE SYSTEM 


[Proceedings of an International Symposium 
held at Colorado State University} 


Edited by WILLIAM D. CARLSON, Colorado 
State University, and the lote F. X. GASSNER, 
Formerly of Colorado State University 


PHYSICAL DIAGNOSIS 
OF HEART DISEASE 


By NOBLE O. FOWLER, 
University of Cincinnati College of Medicine 


THE MACMILLAN COMPANY 


XXXI 


An encyclopedic work, comprising 47 chapters by 93 speclallsts 
from hospitals and universities throughout the United States and 
from institutions In Japan, Russia, Czechoslovakla, Sweden, Ger- 
many, Austria, Switzerland, Canada, England, and ltoly. The 
book explains all the Important anglographic techniques now 
used in radiology, vascular surgery, cardiology, internal med- 
idne, orthopedic surgery, urology, and neurosurgery, as wel! as 
for many other research and clinical applications. Each tech- 
nique is described either by its originator or by a well-recog- 
nized authority In iis use. The numerous lilustrations Include 
269 photos and 96 drawings. 


832 pages $35.00 


One of the most accurate visualizations ever produced on funda- 
mental regional anatomy. 940 original line drawings—tn color 
and black and white— clearly reveal the anatomy of the head, 
neck, dorsum, upper extremity, thorax, abdomen, pelvis and 
lower extremity. The accompanying text Is arranged In outline 
form for quick reference. 


448 pages $8.95 


How to arrive at the correct diagnoses of cardlac arrhythmías, 
as shown by thirty-two case histories and ninety electrocardfo- 
grams. This book describes the clinica! picture of each arrhythmia 
and discusses the electracardiograms needed for a correct diag- 


nosis. Includes an excellent guide to the nomenclature of 
arrhythmlas. 
503 pages $15.00 


{International Serles of Monographs on Pure and Applied Bi. 
ology, Modern Trends In Physiological Sciences Division, Yol. 17] 
Reports on the synthesis cf a number of protective chemicals 
(aminothtols and pyrimidine derivatives), describing thelr bl- 
ologlcal testing, and explaining their mechanism of action, Ex- 
perimental Investigations Gealing with removal of radioactive 
Isotopes from the body are treated in detail. 


162 pages A Pergamon Press Book $8.50 


A highly detailed analysis of the clinica! and pathological effects 
of external and Internal radiation on man and animals. in iis 
emphasis on the central nervous system, this Russlan study โร 
sharply differentiated from Western research In radiation medi- 
cine. (The powerful Influence of Pavlov Is also evident in this 
account of currant Russian Biological thinking.) The authors 
quote Important experiments at length. 


363 pages A Pergamon Press Book $12.00 


31 original papers, panel discussions, and a summary article In 
which ó4 scientists from Industrial! and university laboratories 
examine the basic anatomy, physiology, and blochemistry of 
reproduction, and the alteration of its normal features by loniz- 
ing radiation. 


478 pages A Pergamon Press Book $14.00 


Every sign and symptom of 19 categories of heort disease Is 
explored In this new ''working guide'' for specialists and gen- 
eral practitioners. Shows the physical symptoms and history that, 
along with radiologic studies, distinguish Elsenmenger's Syn- 
drome from a remarkably sfmllar congenital heart disease. Dr. 
Fowler has emphasized diseases that can be cured by new sur- 
gical procedures, drugs, and other recent therapeutic odvances, 


$12.50 
NEW YORK 10011 


521 poges 
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instantly recreates 
your fluoroscopy 
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play it back immediately 





it’s like reliving the examination 


to provide on-the-spot confirmation of what you've 
done and guidance for further procedure (no waitin 


for darkroom processing as with cinefilm) 


siow it down 
decelerate to 1/60 normal speed for slow-motion 
survey of fast-moving action 


"freeze" a decisive moment 
Stop any significant frame for detailed scrutiny: 
hold it still for as long as five minutes 


study and restudy anytime, now or later 
recreate the examination as often as necessary 
without further irradiating the patient 


transmit to multiple monitors 
in the room itself, in the radiologist's office, 


in the auditorium — during the examination or any 


time later 


easy to record 


pushbutton start and stop: by remote control at 
tableside or directly at recorder 


The SONY X-Ray Videocorder 


... Offers the added advantages of 
slow-motion and single-framing 


... is instantly adaptable to any existing TV equipment 
...1S marketed/serviced in the U.S.A. exclusively by Picker 


get the full story from your local Picker r 


PICKER X-RAY CORPORATION, White Plains, N.Y. 
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Machlett's new Dynamax "HD 40" 
wide range x-ray tube...24 to 125 PKV 


The Dynamax "HD 40” insert is a versatile tube capable of a broad range of radio- 
graphic use including mammography technics as well as conventional diagnostic 
procedures. 

The Dynamax ‘‘HD40’’ can be used in existing shockproof units. Installed in Dynamax 
"HD 25," "25," “HD 30," "30," "40," or “50” shockproof housings, the new insert 
gives present Dynamax units extended capability for mammography; it also provides 
increased thermal storage (to the Dynamax “50” level) for conventional technics. 
The Dynamax “HD 40” allows an extended range of radiographic factors for 


Mammography. 
EXAMPLE 1. EXAMPLE 2. 
Full Wave rectified, single phase Full Wave rectified, singie phase 
Focal spot size: 2.0mm Focal spot size: 1.0mm 
PKV: 24 to 35 PKV: 24 to 35 
MAS: 1800 (6 sec x 300MA) MAS: 300 (3 sec x 100MA) 


High thermal characteristics at 125 PKV. Anode Heat Storage Capacity: 140,000 heat 
units. Anode Cooling Rate: 40,000 heat units. Write Machlett Laboratories or 
your X-Ray Dealer for details on The Dynamax "HD40"—the versatile Dynamax insert. 


SPRINGDALE. CONNECTICUT E | / 
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I maiL couron ror F REE CATALOG! 


Medical — Dental — Industrial X-Ray Developing Tanks 





A complete selection of the newest 
X-ray processing equipment, Finest 
type 316 stainless steel construction. 
Counter top and self-standing styles. 
insulated units, water tempering, 
and re-circulating equipment, 


send coupon for catalog B-36 
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J LEEDAL, INC. 


2929 S. Halsted St., Chicago, Ill. 60608, 312 Victory 2-6588 





See these units on display at the Medical Merchandise Mart, Lincolnwood, HI, 


West Coast Office: McCauley Co., 1814 W. 8th St., Los Angeles 57, Calif. 


pay: 


HOW YOU CAN KEEP 


4.4 
RADIATION e DOSAGE 
TO A MINIMUM 

| 


USE L-F X-RAY GRIDS 


Radiation dosage to patients is of consider- patient dosage low. There’s an L-F grid for 
able concern these days. L-F X-ray grids are every radiologic requirement. 

specially constructed with paper interspac- 
ers. They require considerably /ess dosage 
than other grids whose interspacers are 
made of more opaque materials. 


FREE... write for your copy of revised 
booklet “Characteristics and Applications 
of X-ray Grids.” 








L-F grids are available in 31 different 
choices, in various ratios, lines-per-inch, 
and focal ranges. L-F gives you maximum 
cleanup and diagnostic clarity...and keeps 


LIEBEL-FLARSHEIM COMPANY 


CINCINNATI, OHIO 45215 
A DIVISION OF RITTER COMPANY INC. 


SEE YOUR X-RAY SUPPLIER FOR ALL L-F PRODUCTS 
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We have built a new $1,000,000 plant in which to produce an 


. exactly right! 


expanded line of Mattern x-ray apparatus . . 


Mattern has been a leader in the field of quality x-ray apparatus 


for more than a third of a century. It's time now that you ask 


for detailed information about Mattern x-ray tables, control 


consoles and tubestands, and to see for yourself the tre- 
mendous difference between nearly right and exactly right. 





WRITE TO US FOR DETAILED INFORMATION ABOUT X-RAY TABLES, 
CONTROL CONSOLES AND TUBESTANDS —AUTHORIZED DEALERS 


THROUGHOUT THE COUNTRY 


KA AAT Y E Fem 


Lake City, South Carolina 


A DIVISION OF DYNALECTRON CORPORATION 
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IT'S AS EASY AS THIS 





You can do mammography and normal radiography with Continental dual use equipment. 








These mammography units give you a conventional 300 MA X-ray unit plus safe mam- 
mography using the following technique factors for mammographie work: 
* Industrial film e 28-30 KVP 





e 200 to 300 MAS ๑ 0.5 mm focal spot 
๑ 30 to 40 inches H ๑ 14 mm aluminum filter 


๑ Beryllium window rotating anode tube 














Efficient X-ray production in both the high and low KV 
patented double bridge rectifier circuit. A push button switch changes the trans 
power from a series connected, 100 KV 
KVP maximum output for efficient 25 to 35 KVP powe 
mography units are available as: Mobile equipment, General Di 
Verta-Vue apparatus. 
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CONTINENTAL X- RAY CORPORATION 
1536 NORTH CLYBOURN AVENUE, CHICAGO, ILLINOIS 6046106 


ranges is obtained by using our 
former 
P maximum output to a parallel connected, 50 
r. Continental dual-use mam- 
tic equipment or 





B A R OT R A จ is unaffected by changes in pH: no 


(Barium Sulfate U.S.P. in specially micronized form) precipitation or clumping. Delinea- 
tion of the rugae of the stomach is extremely good, and the stomach wall 
is covered so that no portion is left uncoated. 

li Passes from the stomach to the duodenum in a smooth flow through the 
yloric sphincter. The duodenal cap is completely delineated to illustrate 


possible craters or ulcerations very clearly under fluoroscopy. 








a product of 
BARNES-HIND 


BARIUM PRODUCTS CO. 
EEE 


Div. of 
Barnes-Hind 


Pharmaceuticals, inc. 
RS a A 


895 Kifer Road 
Sunnyvale, California 


PLUG IN EXTRA CONVENIENCE 





NEW 
MODEL 
400 
PROGRAMMER 


for the © Cc a Paia Universal Automatic Seriograph. 
Convenience, an outstanding feature of ne Universal Automatic Seriograph, ac- 
quires even greater significance with the addition of the Model 400 Programmer. 
Designed to be plugged into the Seriograph without modification, the Model 400 
provides: e Complete series time selection for the high- speed, 12-cassette Auto- 
matic Seriograph e Individual time-interval control of each cassette e Preselec- 
Hon — and reselection — of time intervals e Control from remote site e Integral 
cassette counter e Portability for desk or wall operation ๑ Easy adaptability to 
automatic dye injectors e 
Simple adaptability to bi- 
plane operation, e Obtain 
complete information about 
ihe convenience-enhancing Maryland. Our telephone 
Model 400 Programmer. number is: UNion 4-5678. 


THE AUTOMATIC SERIOGRAPH CORPORATION 


A DIVISION OF LITTON INDUSTRIES 


Please address your in- 
quiries to: The Automatic 
Seriograph Corp., 4900 
Calvert Rd., College Park, 
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PERFORMANCE WRAP-UP... 
Facts on TELETROL remote control x-ray 


General Electric TELETROL completely 
integrates all the following automatic fea- 
tures into one unified diagnostic system: 


Remote controlled image intensifier — 
Feeds into control-console TV monitor, 
providing images easily bright enough for 
light-room viewing. Employs full 9-inch 
image intensifier tube. Additional TV 
monitors can be installed in other rooms, 
to facilitate teaching and consultations. 
A second TV circuit also can link the 
console to the darkroom or other location 
so reference films can be viewed right 
during examinations. Audio intercom 
allows easy conversation with patient. 


16mm synchronous cinefilm system — 
Automatic pulse-generator, coupled to 
shutter, synchronizes exposures to occur 
only while shutter is open, minimizing 
radiation to patient. 


Remote-controlled table — Angulates 
90? either side of horizontal, controlled 
from console; provides for longitudinal 
and lateral movement for complete scan- 
ning of patient. 


Automated x-ray tube unit — Heavy- 
duty, rotating-anode tube is centered to 
the intensifier tube and tracks it auto- 
matically at all times. Mounted above 
table it provides 36-inch focal-spot-to-film 
distance. 


Remote-controlled collimator — Shutters 
fully adjustable, laterally and longitudi- 
nally, from single-control on console. 
Shutter indicators for precise control of 
field size. 


Rotational footrest — Built-in, power- 
driven turntable allows patients to be 





turned and positioned by remote control, 
when in vertical attitude. 


Power-operated cassette tray — Accepts 
any-size standard cassette. Aligns auto- 
matically with x-ray tube upon signal 
from console, while system switches over 
to preselected radiographic technic. 


150-kvp, 300-ma x-ray generator — 
Operates directly from the TELETROL 
control console. Includes built-in photo- 
timing for consistent radiographic results. 


Total TELETROL performance requires 
a good deal more description, and must 
be seen to be fully appreciated. For in- 
formation, or to arrange a demonstration, 
see your G-E x-ray representative. Or 
write to X-ray Department, General 
Electric Co., Milwaukee 1, Wis. 


Progress /s Our Most Important Product 
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FOR X-RAY DIAGNOSIS... 





ITROPAQUE 


BARIUM SULFATE, U.S.P. 91% 


> 





Mail Coupon Today for FREE Sample » 
LAFAYETTE PHARMACAL INC. AER Lo 


This highly-processed for- 
mula was developed to 
satisfy multiple criteria for 
an ideal suspension, and 
has optimum particle size. 


Gives a smooth, even 
coating to the stomach. 
small bowel, and colon. 
Will not dry or "flake" 
in the colon for an 
hour or more allowing 
re-examination on 
same visit. 
Non-foaming, stable 
formula allows excess 
suspension to be 
saved and used 
another day. 

Will not precipitate or 
agglutinate in the 
stomach to cause 
factitious lesions. 
Remarkable ability to 
overcome pylorospasm. 


Lafayette Pharmacal, Inc. 
Lafayette, Ind. y.26 


— Please send me a free sample of 
Intropaque. 
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๐ more tugging, no more twisting, 
no more pulling, no more pushing... 
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When the table is vertical, the counterweight 
is automatically uncoupled so the spot film 
device can be moved with a finger, literally. 

The Norelco Diagnost 50 was designed to 
make routine examinations easy in every 
way. It’s light, yet strong, with almost no 
heavy parts of cast metals. Changeover to 
horizontal and 15 degrees Trendelenburg 


totos uz 


position is, of course, motor driven, with 
provision for stopping at any intermediate 
position. 

The narrow table base sweeps back 
sharply, and no parts project over the base 
or table edge. Work around the table is easy. 
Your feet are free of obstruction; you enjoy 
what we call "foot comfort." 





... the Norelco Diagnost 50 
gives you fingertip movement 


The extremely large vertical travel of the 
spot film (40°), together with motor-driven 
table top travel, generously meets all re- 
quirements of examinations, standing or 
prone. Footrest is moved from one side by 
adjusting one knob only. 

The spot film device is available either 
hand-operated or motor driven. Both work 


MANUFACTURED FOR NORELOO BY PHILIFS MuLl 


automatically—without program selector. 
Our systems engineers are available to ex- 
plain the Diagnost 50—and other Norelco 
models—in detail. Write or call for further 
information. North American Philips Com- 
pany, Inc., Medical Division, 100 East 42nd 
Street, New York, New York 10017. In the 
Chicago area: 749 Howard St. Fvanctan tl 
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E-Z-EM Prepackaged Disposable Barium 
Enema Kits offer maximum convenience 
coupled with the utmost in diagnostic quality. 
Retrograde filling enables the E-Z-EM Barium 
Enema to be prepared in less than 60 sec- 
onds, with no spillage, waste or mess. Colloi- 
dal-like barium, with a micro-particle size of 
0.1 to 0.3 microns, ensures fast flow rate and 
long-lasting suspension — in the E-Z-EM Bag 
and in the patient. 


no, " 
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The Single-Stage Double-Contrast Examina- 
tion, the newest, most convenient, double 
contrast technique, was developed with, and 
is based on, the use of E-Z-EM Barium Enema 
Kits. 

Different barium formulations (with or with- 
out tannic acid), based on your needs and 
requests, are available. You choose your 
technique, and then standardize on it with 
E-Z-EM. E-Z-EM Barium Enema Bags, with- 
out barium, are also available. 


EXCELLENT X-RAYS, NO MESS, NO WASTE, NO CROSS-PATIENT CONTAMINATION 


Isn't today the day you order E-Z-EM? 


RETROGRADE FILLING SYSTEM 





Site 
ณ์ 


Cosnert to waler tap with Tubing. ๆ Mix thoroughly for about 30 3 Add as nf goubie contrast exam ไร 


xeconds Disconnect from water Tap. 
Biped as and weler iom system. 


Add small amount hot water Mi. 
Add water to desiced density. 


desired Clamp Putang with hemu- 
sist. Administer pema, 


Complete prepackaged disposable barium colon enema 


E-Z-EM 


PATENT PENDING 





*Customized formulations avaitable. 

Available through your local x-ray supply dealer. 

Write for literature and information. l 

E-Z-EM COMPANY, 212 OX 5-5784 
130 Maple St, Great Neck, Long Island, N.Y. | 516 HU 7-2579 


P. S. Ask about SOL-O-PAKE, the new pleasant barium formulation for upper Gl's. 
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There’s A Size Pakorol to Fit 
Your Needs, Space and Budget 


Automatically processes and drys X-Ray film 


Pakorol—Answer 
to Quality Results, Fast 


Minneapolis, Minn.— Hospitals, 
clinics and even the smallest X-ray 
offices can now enjoy the benefits 
of automatic X-ray film processing. 
The larger Pakorol-X and the 
small Pakorol-XM each offer a 
fast, complete, automatic roller- 
type processing system at a low cost. 


Fast, high quality 
processing and drying 

The PAKOROL-X will process 
120, 14" x 17" radiographs per hour 
—the PAKOROL-XM processes 65 
14” x 17" radiographs per hour—all 
with uniform quality. 


Space Limitations 
No Problem 


The Pakorol-XM (miniature) is so 
small, neat and economical, multiple 


installations have often proven to be 
the answer to efficiency, speed and 
cost cutting. 


Ultimate in Functional 
Construction 


some of the many reasons the 
Pakorol-X and XM drew crowds at 
recent conventions are: Full worm 
and gear driven racks, no chains; 
quiet roller type operation; 614 min- 
utes processing time (Pakorol-X) 7 
minutes (Pakorol-X M) Right and 
Left hand models; large capacity; 
processes all brands of medical 
screen film in sizes 4" x 4" through 
17" x 36" and roll film in widths of 
17" or less; No. 4 satin stainless 
steel finish. 


Parts, Service, Training 


PAKOROL EQUIPMENT is backed 
byestablished Pako Partsand Service 
programs. User training courses are 
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offered regularly at the Pako factory. 
Let the Pako Planning Service show 
how the Pakorol-X and the Pakorol- 
XM will fit your X-ray Department. 
A suggested layout, tailored to your 
requirements and space will be pre- 
pared upon request, at no obligation, 


Clip and Mail Today 


[i PAKOROL-X [7 PAKOROL-XM 








HOSPITAL Or CLINIC 


ADDRESS 
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PAKO CORPORATION 
6300 Olson Memorial Highway 
Minneapolis 40, Minnesota, U.S.A. 
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inecting the gap between the surgeon's hand and 
patient's heart are B-D Arterial Catheterization 
fits; skillfully engineered and formed of the finest 
terials, Each contains a thin-wall arterial needle, 
exible guide, radiopaque tubing in small, medium, 
arge size, and a LUER-LOK adapter. 
trument and equipment development by CSI il- 
trates a new concept in professional service. The 





RTERIAL CATHETERIZATION OUTFITS 


resources and facilities of this special division of 
B-D are directed toward the constant improvement 
of instrumentation for the medical profession, Direct 
inquiries to CSI Division, Becton, Dickinson and 
0 ๐ + Rutherford, New Jersey. 

™ mx (BECTON, DICKINSON AND COMPANY 


Lol Rutherford, New Jersey 
IN CANADA: BECTON, DICKINSON & CO, CANADA, LTO, TORONTO 10, ONTARIO 


8.D AND LUE£R.LOK ARE TRADEMARKS ๑ 97362 





Five Radiation Lah Functions 
You Can Perform Best 
with a 


GAMMASCOPE" 


1. Using mixed tracers in absorption studies 

The 100-channel Gammascope will function as a dual-peak 
spectrometer, clearly displaying the energy peaks of both 
elements on the visual and printed spectrum. Both elements 
are counted automatically and simultaneously. 


2. Working with short-lived isotopes 

Half-lives of less than a day are problems for scanning de- 
vices, but the Gammascope, with fast automatic data ac- 
cumulation, can complete a spectrum analysis in far less 
time than it takes to materially affect the isotope's activity. 


3. Determining isotope purity 

Monitoring samples to determine their purity or to check the 
specifications of matched samples are other laboratory 
processes that can be completed quickly and accurately 
with the greater resolution, counting speed and readout effi- 


ciency of the Gammascope. 


4. Using several isotopes in succession 

itisa simple matter to recalibrate the Gammascope for each 
new element used. Simply set the adjustable visual window 
to intensify the primary energy peak. The window adjusts 
to any width (number of channels) and any location on the 


energy spectrum. 


9. Making diagnostic and experimental 
spectrum analyses 

in whole body counts, uptake studies and other biophysical 
radiation applications, the Gammascope will complete a 
spectrum analysis in a fraction of the time a scanning spec- 
trometer takes. Ali pulses are stored in the 100-channel 
magnetic core memory while the cathode-ray tube simul- 
taneously displays the build-up of the spectrum. To make a 
complete analysis you calibrate in one step, start the 
analysis and the automatic accumulation takes over. The 
completed count — determined by the pre-set live timer — 
can be printed out on the digital printer. 

The Gammascope pulse analysis system includes built-in 
linear amplifier, high voltage supply, visual display and ex- 
ternal printer — $5990 (export slightly higher). 


For complete data contact the nearest TMC office or Tech- 
nical Measurement Corporation, 443 Washington Avenue, 


North Haven, Connecticut. 
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96 YEARS become America' largest buyers of 
USED X-RAY FILM 


€ We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


€ We remit in advance if desired, or promptly after receipt 
and tally of the value. 


€ Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, INC. 


53 W. Jackson Blvd., Chicago 4, lll. 






Today's hest-performing 
grid is just 
one of our products 


Specify P. T. E. For: 


Auer Intensifying Screens 
(Regular and Compensated) 


P.T.E. Lightweight Cassettes 
(Single Lever Lock) 


P.T.E. Multileaf Collimators 
Auer Multisection Cassettes 
Luminous Centering Device 
P.T.E. Tilt indicators — 
Stereo Binoculars 
Swinging Dividers 
Corner Cutters 
Time Markers 
Lead Glass 





The SMIT-RONTGEN JEWEL 110-LINE 
GRID is the most advanced yet produced. 
It is a stationary grid of unequalled fineness. 
Available in all ratios and sizes. Also, in 
the unique “Slip-On” grid permitting the use 
of one grid with any quantity of cassettes. 











Ask your Local X-Ray Dealer 
or write for catalogue to 


PN 


PHYSICIANS TECHNICAL 
EQUIPMENT CO., INC. 


X-Ray Accessories and Specialties 
12 Van Dam Street, New York 13, N. Y. 
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among other things 


flexibility in choice of isotope 





Like most people, you will want to use 


131 : ' 

" pus AP your scanner for different isotopes under 
p dy Xu 15 : ia ; 

Hg y | Se different background conditions. This 


means that you have to be able to vary 


both the window width and the window 
position on the pulse height analyzer. 
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The Picker Magnascanner lets you set t 
window anywhere in the spectrum and 

lets you make it as narrow or as wide as 

you want. Some other scanners restrict 
. choice to one of three fixed windows. 


set the window anywhere in 
the spectrum: make it as nar- 
row or as wide as you want. 
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versatile scanner 


PICKER NUCLEAR 


DIVISION / PICKER X-RAY CORPORATION 
WHITE PLAINS, NEW YORK 





the proven scanner 


ฐิ 
ป ห ป ห ห ๒ ห ห ห ห 1 เ เ +0 


———M 


เศ อ ด ต ต ต พ พ ล พ ร้ ล ร ว ว ร ว ร ง รวง ว จ จ ร อุ ร ร ร ร ุ ร ร ร ร ร ร จ ร ร จ ง ง ห ห ห ห ท ห ั ู ว ฯ ว ง ห ชู อ ะ ณ์ น อ อ อ ล 





Radiologica Clinica 
International Radiological Review 


Editores: A. ZUPPINGER, Bern; F. BUSCHKE, San Francisco, Calif.; R. 
SARASIN, Geneve 


One volume of six parts is issued annually and costs US $15.50 (postage in- 


cluded) 


From the contents of Vol. 35, No. 2 


BURHENN 


E. H. J. (San Francisco, Calif.): Intestinal Evacuation Study: A New 








REUTER, 5. R. and : 


Occlusion of the Common Carotid Arteries 


EWTON 


TH. (San Francisco. Calif.) : Bilateral Atherosclerotic 


Future issues will include: 
BLOEDORN, F. G. and WIZENBERG, M. J. (Baltimore, Md.) : Preoperative Irradia- 
tion 


PIRK, F. and VULTERINOVA, M. (Prague): The X-Ray Picture of the Small Intes- 





tine and Impaired Absorption 
PALUBINSKAS, A. J.: PERLOFF, D. and WYLIE, E. J. (San Francisco, Calif.) : 
Curable Hypertension due to Renal Artery Lesions 


FOGEL, M. (Budapest): Inflammatory Strictures of the Oesophagus 


Ask for specimen copies 
rena sa AAS LANAI NHN EONS TCO PD TTT POPCORN OUI ATT OLE STENT 


Radiologia Clinica 


ORDER FORM 
S. Karger AG, Arnold-Bocklin-Strasse 25, Basel, Switzerland 


Please enter my subscription to: ......... imd YT “1 0500 


lease send me: 
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Address: 
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Please place your order with: 


Albert J. Phiebig, P.O. Box 352, White Plains, N.Y. 
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OF X-RAY CONTROLS 
Meet Every Radiological Need! 





These controls are ideally suited for use in hospitals of all sizes, as a i THE CONTROLS: 
combination Radiographic and Fluoroscopic machine, for Radiographic work | Choice of 3 Electronic Timers: 
only, or for Operating and Urological room use. They also meet the 1/30—1/60—1/120 second 

i 
| 
| 
i 


; : M f . Available to operate 1, 2 or 3 X-Ray tubes 
requirements of the X-Ray Dept. of Clinics, and for private office use. Hinged panels open from front for easy cleaning and 


adjustment 


Al meters are large and at eye level , 
easy to read scales 





ard Controls are CUSTOM MADE TO YOUR REQUIREMENTS! 


“Only features that meet your individual and particular requirements are 
included in "Standard's" apparatus, so you pay for only the very things you 





need and want. You don't have to buy things you don't want | OPTIONAL FEATURES: 


because they're already "built-in." | ° Instantaneous Tube Protector 
: น | œ High Speed Tube Rotation 





Gto L QUALITY is Apparent Long After the Cost is Forgotten! 


MAN Control and Generator that bears the "Standard" Name is of simple 
design, giving the optimum in professional appearance. But “Standard” 
quality goes far beyond this! "Standard" uses only the very best components, 
and our skilled technicians take the time to do the job right. This results 

in long, trouble-free service. . . with a minimum of "down" time! 


Standard'' features a complete line of X-Ray 
TABLES and TUBE STANDS. Whatever your needs, 
contact Standard”! 











| 

| 
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e exclusive manufacturers of quality x-ray equipment for half a century! 


« See your ‘‘Standard’’ Dealer or All “Standard” controls and 
write for Descriptive Literature. Generators are U.L. Approved! 





X- RAY COMPANY 


1932 N. Burling St., Chicago 14, I. 


The British Journal 
of Radiology FOUNDED 1896 


A monthly publication covering the fields of 


RADIODIAGNOSIS, RADIOTHERAPY, RADIOBIOLOGY, 
RADIOLOGICAL PHYSICS, RADIATION PROTECTION 
AND NUCLEAR MEDICINE 


This Journal is the official organ of 


THE BRITISH INSTITUTE OF RADIOLOGY 


The British Journal of Radiology is the oldest radiological journal in the 
world, having started in 1896 as The Archives of C linical Skiagraphy. 


In addition to the presentation of selected papers which have been read at 
meetings of the Institute, original contributions from workers actively en- 
gaged in radiology in all parts of the world are published. By publishing 
material embracing new developments in both clinical and academic fields 
of radiology, this Journal is designed to serve the reader who wishes to keep 
abreast of the advancing and widening front of radiological science and 
practice today. 


An increasing proportion of editorial space is being used to publish original 
contributions in radiodiagnostic physics and technology, cellular and human 
radiation biology, the techniques for clinical investigation using labelled 
compounds and in other rapidly growing fields on the fringe of radiology. 
The size has been increased to an average of 80 pages per month, 92" x 7”, 
while maintaining the number and excellent qu ality of the illustrations, for 
which this Journal has become justly famous. 


No effort is being spared to m ake THE BRITISH JOURNAL OF RADIOLOGY a pub- 
lication of the highest possible excellence both as regards matter and form 
of presentation. 


obtainable from 
THE BRITISH INSTITUTE OF RADIOLOGY 
32 WELBECK STREET, LONDON, W.1 
and from leading booksellers all over the world 


Price £5.15.6d (U.S. $16.50) per annum. 
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In replacement เพ ล เต อา VOLEMETRON will help you decide 


Aided by accurate blood volume determination with VOLEMETRON, and hematocrit data, 
your choice of whole blood, plasma, packed red cells, or expander enables optimum re- 
placement therapy to meet the patient's specific needs. Precise, easily obtained blood 
volume information can help avoid the hazards of under- or overtransfusion —or un- 
necessary transfusion. Blood volume data can also aid in diagnosis and management of 
hypervolemia, hypovolemia, fluid translocation and loss. With VOLEMETRON, blood volume 
determinations can be obtained at the bedside, in the O.R., in the laboratory - quickly, 
easily, accurately. VOLEMETRON is attested by over 30 clinical papers, and is in clinical 
use in hundreds of hospitals throughout the world. 
For further information and literature, or to arrange 
a demonstration of VOLEMETRON in your hospital, 
contact Ames Atomium, Inc., 575 Middlesex Turn- 
pike, Billerica, Massachusetts 01865. 


m 


VOLEMETRON 


ORIGINAL AUTOMATIC ELECTRONIC BLOOD VOLUME COMPUTER 


(9) 


AMES ACOM, IMC. 


Billerica, Massachusetts 
affiliated with Ames Company, Inc. 23264 , 
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| THE 


DIOLOGY by Donald a | 
Bauer, Klamath Valley Hosp.. Klamath 
Falls. Ore. May °63, 288 pp. 109 il, 


LAW, MEDICINE, SCIENCE—AND 
JUSTICE edited by Larry Alan Bear, 
Univ. of Puerto Rico, Rio Piedras, Puerto 
Rico. Assisted by Brian Parker. (With 
20 Contributors) Feb. "61, 656 pp.. 36 il., 
514.50 

PHYSICS OF RADIOLOGY 
(2nd Ed., Rev. 2nd Ptg.) by Harold El- 
ford Johns, Univ. of Toronto, Toronto, 
Canada. May “61, about 786 pp. (7 X 
10). 469 il. (Amer. Lec. Radiation Ther- 
apy edited by Milton Friedman}, about 





PRINCIPLES OF RADIOGRAPHIC 


EXPOSURE AND PROCESSING (2nd 
Ed., 2nd Ptg.) by Arthur Fuchs, Roch- 
ester, N. Y. April 61, 300 pp. (7 > 10). 
600 il., $10.50 


ANATOMICO-ROENTGENOGRAPH- 
IC STUDIES OF THE SPINE by 
Lee A. Hadley, Syracuse Memorial 
Hosp., Syracuse, N.Y. June “O41, 560 pp. 
044 il. $26.00 


|! RADIOACTIVE METAL MOBILIZA- 


TION IN MEDICINE by A. Catsch, In- 
stitute of Radiobiology, Karlsruhe, Ger- 
many. Translated by B. Kawin, Veterans 
Administration Hosp., Fort Howard, Md. 
April 761. 184 pp, 46 il (Amer. Lec. 
Living Chemistry edited by I. Newton 
Kugelmass), $7.50 





SPECIAL PROCEDURES IN ROENTGEN DIAGNOSIS 


By SAMUEL L. BERANBAUM, B.A., M.D., F.A.C.R., New York University, New York City, 
and PHILLIP H. MEYERS, B.A., B.S., M.D., Tulane University School of Medicine, New 


Orleans, Louisiana 


No other single text on diagnostic roentgenology covers such a wide assortment of 
special procedures. Hundreds of techniques are included— angiography, aortography, 
arthrography, air contrast, barium enemas, pneumoarthrography, cholangiography, 
voiding cystourography, body section roentgenology, ventriculography, etc. By simply 
consulting the index the physician will have at his fingertips many new, specific, and 
nonconventional roentgen procedures. A ‘‘how-to-do-it'’ book with detailed instructions 
from original sources to enable complete execution of procedures. 


(Amer. Lec. Roentgen Diagnosis edited by Lewis E. Etter) 


April 1964 


$21.75 


628 pages 





quem y 
i 


[n 


THE REDUCTION OF PATIENT 
DOSE BY DIAGNOSTIC RADIO- 
LOGIC INSTRUMENTATION edited 
by Robert D. Moseley, Jr., and John 
H. Rust, both of The Univ. of Chicago, 
Chicago, Ill. (With 29 Contributors) Jan. 
64, 300 pp., 145 il. 812.50 


DISEASES OF MEDICAL PROG- 
RESS: A Contemporary Analysis of 
Hiness Produced by Drugs and Other 
Therapeutic Procedures (2nd Ed.) 
edited by Robert H. Moser, U. 5. Army 
Tripler General Hosp., Honolulu, Hawaii. 
(With 12 Contributors) March ‘64, 572 
pp- $19.75 


| THE FUNDAMENTALS OF X-RAY 


AND RADIUM PHYSICS (3rd Ed., 3rd 
Pig.) by Joseph Selman, Univ. of Texas, 
Dallas, Texas. June 763, 384 pp., 306 il, 
89.50 
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COPPER AND PEROXIDES IN RA- 
DIOBIOLOGY AND MEDICINE by 
Jack Schubert, Buenos Aires, Argentina. 
June “64, about 208 pp.. 18 il, about $8.75 
A STUDY GUIDE FOR STUDENT 
phant, Macon Hosp. Macon, Ca. Nov. 
'63, 168 pp.. $5.50 

CHELATION THERAPY by Alfred 
Soffer, Northwestern Univ., Chicago, HL 
Co-authors: Herta Spencer, Martin Ru- 
bin, Maynard B. Chenoweth, Gunther 
L. Eichhorn, and Betty Rosoff. April 
61. 176 pp., 90 il., $8.00 

THE CHEST FILM IN MASSIVE 
PULMONARY EMBOLISM by Daniel 
J. Torrance, Jr., The Johns Hopkins 
Univ, Baltimore, Md. Nov. °63, 88 pp. 
(815 X 11). 76 il. (Amer. Lec. Roent- 


gen Diagnosis), $6.75 
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CHARLES C THOMAS * PUBLISHER 


301-327 East 
Lawrence Avenue 


SPRINGFIELD * ILLINOIS * U.S.A. 


New Halsey design 
supplies the 






...f0r one-hand, 


fingertip 
adjustment 
of height 


| Halsey Counterbalanced 
| Cassette Holders 


New counterbalance mechanism makes height adjust- 
ment effortless . . , Nylon friction lock holds cassette 
securely at selected height 

๑ Dual-channel construction — inner channel for cassette, 
outer channel for grid — makes every cassette a grid 






- cassette if desired , , , Both sets of channels are individ- 
No. 25-CHC-HI ually adjustable for thickness 

(without height indicator, * Holds any size cassette up to 14 x 17”... Has full 22" 

ask for No. 25-CHC) height adjustment , . , Height gauge (at slight additional 


cost) permits fast zero-in to the tube 


e Also available: Extension Model No, 
225-CHC-E-HI (see photo at right) for 
non-ambulatory patients; bring patient 
to seated position on table or stretcher, 
then extend cassette carriage as 
needed and lock in position. Extreme 
right — Floor model No. 26-CHC-HI 
(can also be had with extension, No. 
26-CHC-E-HI). For above models with- 
out height indicator, omit HI in cata- 
log number. 


Through your dealer 
Write for literature 
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Give your films “look-alike” consistency 


with General Electric x-ray phototiming 


In designing diagnostic x-ray generating unit 
how did General Electric x-ray engineers make 
sure vou could overcome that final elusive vari- 
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able — patient density? How can you be abso- 
lutely certain. you'll select the correct exposure 
from patient to patient? 

Phototiming. through systems pioneered and 
perfected by General Electric, solves the problem. 
Ultra-sensitive detectors unerringly measure part 
thickness, and push buttons simplify critical con- 
trol adjustments automatically. You enjoy today's 
phototiming consistency with the added advan- 
tage of stopping motion even in the 4o-sec range. 

General Electric's accent on value — ofttimes 
readily apparent, sometimes hidden, but always 
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significant -- pays big dividends year after year. 
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LYMPHATIC DYNAMICS IN CERTAIN 
ABNORMAL STATES* 


By S. WALLACE,# L. 


È MPHANGIOGRAPHY is now a useful 
clinical method. Primary emphasis has 
been placed upon gross morphology with 
relatively little attention directed toward 
the dy namics of lymphatic flow. However, 
as a "third" component of the vascular 
system, 
hemodv namics are applicable to the cir- 
culating ly mph. The physical forces govern- 
ing the fluid media in the lymphatics, arter- 
ies, and veins are intimately related to one 
another and to the interstitial fluid pool; 
abnormalities in any one of these compart- 
ments will be mirrored by changes in the 
others in an attempt to maintain equilib- 
rium. Although at present only the skele- 
tal lymphatics can be examined with anv 
degree of constancy, certain abnormal 
stages so alter intralymphatic directional 
flow that information relative to the vis- 
ceral lymphatics and collateral anastomotic 
channels is obtainable. While relatively 
complex techniques, such as cineroentgen- 
ography, are Di valie in 
lymphatic dynamics, the velocity of flow in 
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most channels is negligible as compared 
with the venous or arterial svstems, and, 
for this reason, abnormal flow patterns may 
be identified and followed bv conventional 
roentgenographic techniques. Numerous 
departures from the accepted norm may be 
observed and anastomotic channels, here- 
tofore only suspected, may be identified. 


The eHect of these upon directional lym- 


phatic flow in the presence of obstructive 
phenomena has cast considerable doubt 


upon the efficacy of certain procedures now 
considered an integral part of cancer sur- 
gery. While lymphangiography is in its in- 
fancy and our data are fragmentary, we 
feel that sufficient information has been 
gained to provide a basis for future investi- 
gation, 


MECHANICAL OBSTRUCTION 


As is the case with arteries and veins, 
mechanical obstruction of lymphatics re- 
sults in varving degrees of utilization of 
available collateral channels. Usually , con- 
tinuation of lymphatic flow is accom plished 
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by those channels most immediately adja- 
cent to the site of interruption. In its sim- 
plest form, this is illustrated in Figure 1.4, 


à patient with a healed surgical incision of 


the lower extremity. The ly mphangiogram 
clearly demonstrates a network of col. 
lateral channels at the site of the incision. 
In this instance, the dermal lymphatics 
serve as convenient anastomotic channels 
which re-establish continuity of How, Uti- 
lization of a second collateral pathway ts 
shown in Figure 18. Normally, the lym- 


lower extremity are functionally separate 
from those of the posterior compartment. In 
this instance, complete obstruction of the 
superficial lymphatic trunk in the anterior 
compartment has resulted in opacification 
of the deeper posterior channels via the 
dermal and subcutaneous networks. The 
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double chain of posterior lymphatics lies in 
close approximation to the deep arteries 
and drains into the popliteal lymph nodes. 

Following lymph node dissection, there 
is interruption of numerous lymphatic 
channels. In order to maintain lymph flow, 
extensive collateral circulation must be 
established to compensate for this obstruc- 
tion. lf the attempt to circumvent the 
block 1s inadequate, the svstem decompen- 
sates and edema results. This series of 
events was noted in a patient examined 
following a right inguinal lymph node dis- 
section for metastatic melanoma from a 
primary lesion of the skin of the right lower 
extremity (Fig. 2, Æ, B and C). Shortly 
after surgery, the patient noted progressive 
edema of the extremity. A lvmphangio- 
gram demonstrated multiple collateral 
channels in the right leg, primarily in the 





Fic. 1. Mechanical obstruction with collateral circulation. (1) Collateral circulation at the site of a skin 
incision, (53 Obstruction of the anterior lymphatic trunk (arrow) with collateral channels paralleling the 
arteries. (Busch and Savegh, U. 5. Naval Hospital, Philadelphia, Pennsylvania.) 
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dermal and subcutaneous lymphatic net- 
works. Subsequent 24 hour lymphangio- 
grams revealed opacification of the lymph 
nodes in the right posterolateral aspect of 
the abdomen in contrast to the normal 
para-aortic distribution seen on the left. 


This alternate route portrays another 
potential compensatory mechanism by 


which interference with lymphatic circula- 
tion is handled. In this i instance, however 
the subsequent edema is clinical evidence 
of the inadequacy of the collateral path- 
Ways. 

The potential collateral ly mphatic path- 
ways are complex and extensive. The pat- 
terns are not predictable but the diversity 
indicates the futility of radical dissection in 
the presence of ly ‘mphatic obstruction. This 
was observed on lymphangiograms of pa- 
tients with obstruction of lymphatic chan- 
nels in the pelvis, retroperitoneal area, and 
the thoracic duct. Both skeletal and vis- 
ceral channels are utilized, depending 
upon the accessibility and patency of these 
collateral routes (Fig. 3, 4-D; and 4, 4-E). 

This diversity has been further demon- 
strated by Wohlgemuth of the Uni- 
versity of Maryland in a patient with a 
carcinoma of the cervix and 2 large firm 
Iv mph nodes in the left axilla. Lymphangi- 
ography was performed to determine the 
extent of pelvic metastases. This revealed 
bilateral obstruction. in the pelvis with 
visualization of the internal iliac pathwavs, 
a secondary sign of metastasis to the ex- 
ternal iac chain. In addition, a single 
channel coursed along the anterior abdom- 
inal and chest walls to the left axilla. 
Metastasis to the axillary lymph nodes had 
actually occurred via this collateral as a 
sequel to the widespread pelvic disease. 
This case shows the complexitv and unpre- 
dictability of metastatic patterns in the 
face of obstruction. 

In general, it may be stated that the 
establishment of collateral circulation de- 
pends upon the available adjacent lym- 
phatic channels; 2,¢., a block in any portion 
of the lymphatic system may result in 
establishment of collateral channels at some 
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Fic. 2 
ina lymph node dissection for metastatic mela- 
noma, (A) Collateral circulation by way of sub- 
cutaneous and dermal lymphatics. (B) The right 


Lymphatic obstructions following right in- 


inguinal lymph nodes have been removed. The 
posterolateral pelvic lymph nodes are visualized 
by way of collateral flow. The left iliac and in- 
guinal lymph nodes are in the usually visualized 
distribution. (C) The posterolateral retroperi- 
toneal lymph nodes visualized via collateral 
channels can be compared to the normal para- 
aortic lymph nodes seen on the left. 


distance, since these may represent the only 
available bypass. The obstruction produces 
an intralymphatic hypertension which is 
relieved or partially relieved by the first 
available avenue. This is shown on Figure 
5, 4 and B, a patient who was examined 
because of a lesion in the posterior medi- 
astinum. The lymphangiogram demon- 
strates obstruction of the thoracic duct at 
the level of the lesion. Below the point of 
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interruption, there is dilatation of the ab- 
dominal portion of the thoracic duct and 
the cisterna chyli with visualization of col- 
lateral pathwavs into the abdomen. Thus 
the primary alternate route was via the 
gastrointestinal trunk, which represented 
the first available avenue of decompression. 

While the identification of collateral 

pathwavs may frequently be of value in the 
d n of lymph node replacement by 
tumor tissue, the number and distribution 
of the normal lymphatic channels may vary 
greatly. The lymphatic vessels function 
primarily as a vascular network and may, 
under normal circumstances, bypass or 
exist independently of the lymph nodes. In 
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Fic. 3. Collateral channels in the retr operitoneal area. 
(4) Abnormal channels are seen in the retroperi- 
toneal area in this patient with Hodgkin's granu- 
loma. (Pick, Albert Einstein Medical Center, 
Northern Division, Philadelphia, Pennsylvania.) 
(B) Similar changes demonstrated in another pa- 
tient with Hodgkin's granuloma. (Pick, Albert 
Einstein. Medical. Center, Northern Division, 
Philadelphia, Pennsylvania) (C) Obstruction of 
pelvic ly mphatics by metastatic carcinoma from a 
primary in the cervix resulted in the visualization 
of the perivascular lymph atics in the pelvis. An- 
other collateral pathway is filled in the retroperi- 
toneal area, (D) Lymphatic vessels along the 
psoas muscle function as alternate channels in this 
patient whose lymph nodes are involved by 
Hodgkin's disease. 


such instances, the demonstration of single 
or multiple channels in the normal para- 
aortic distribution does not necessarily in- 
fer that the vessels represent collaterals or 
that total replacement of the lymph nodes 
has occurred. The patient demonstrated 1 ท 
Figure 6.7 suffered from carcinoma of the 
breast with widespread metastasis and 
ascites. Obstruction of the cysterna chyli 

was postulated and lymphangiogr aphy was 
performed for confirmatory purposes. The 
total absence of lymph nodes was felt to 
represent extensive metastatic disease, but 
at autopsy an absence of the retroperi- 
toneal lymph nodes was found. This then 
isa congenital variant. Similarly, following 
radiation therapy or chemotherapy, there 
may be a decrease in size or complete disap- 
pearance of the lv mph nodes as seen in 
Figure 6B. This patient had Hodgkin’s dis- 
ease and was treated by both modalities. 
More frequently, as lymph node replace- 
ment occurs, only occasional lymphatic 
channels may be visualized with the dep- 
osition of contrast material in few or none 
of the regional lymph nodes. The number 
of lymphatic channels may vary greatly 
but they are characterized by flow of the 
contrast medium along the ‘normal lym- 
phatic distribution. The patient in Figure 
6, C and D had known Hodgkin’ s disease 
ner characteristic lymphomatous lymph 











Fic. 4. Alternative pathways via the intestinal lymphatics. (A) Obstruction of the pelvic lymphatics resulted in 
visualization of the channels around the rectum (short arrows). (B) Collateral channels eventuated in the 


demonstration of the mucosa of the bowel (long arrow). (C) Interruption of lymphatic trunks at the leve 
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of the cisterna chyli produced reversal of flow into the lymphatics of the bowel (long arrow) and bladder 
(short arrows). (M. D. Anderson Hospital.) (D and Æ) An attempt to circumvent mechanical obstruction 
of the lymphatics is seen via the lymphatics of the stomach (long arrows). 
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Vio. s. Obstruction of the thoracic duct. (A) A posterior mediastinal mass obstructed the thoracic duct produc- 
ing dilatation of the cisterna chyli. (B) Retrograde flow is seen into the gastrointestinal trunk (arrows). The 
major channels forming the cisterna chyli, the right and left lumbar trunks and the gastrointestinal trunk 


are readily identified. 


nodes in the pelvis were demonstrated on 
the lv mphangiogram. The retroperitoneal 
area was devoid of lymph nodes but a few 
channels traversed the usual course of the 
para-aortic plexus. The interpretation of 
such findings is difficult. For this reason, 
inferior vena cavagraphy is frequently per- 
formed in an attempt to separate normal 
variants from total lymph node replace- 
ment. The inferior vena cavagram in this 
case confirmed the presence of massive 
lymph node replacement which indented 
and distorted the contrast filled vessel. 
Therefore, the addition of inferior vena 
cavagraphy is frequently essential in fully 
evaluating or appreciating changes of this 
type. 


CHYLOUS REFLUX 


Probably the most dramatic example of 
alteration of the normal lymphatic flow 


pattern by obstruction is chylous reflux. 
This, as the name implies, represents a 
reflux of chyle from the intestinal ly mphat- 
ics into the skeletal lymphatics. This phe- 
nomenon may result from either congenital 
or acquired abnormalities of the lymphatic 
system. The usual congenital abnormality 
is a primary incompetence of the lymphatic 
valves with stasis as a result of failure of 
directional flow. The acquired type may be 
associated with any process which produces 
chronic thoracic duct obstruction, with 
filariasis probably the most common agent. 
The dilatation of the lymphatics distal to 
this point of obstruction results in a second- 
ary incompetence of the lymphatic valves, 
producing a picture which is clinically 
identical with the congenital variety. 


MÀ 


These patients usually complain of pro- 


¥ 


gressive edema of the extremities and 
chyluria. Abeshouse in 1934 described 
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Fic, 6. (7) Absence of retroperitoneal lymph nodes in a patient with carcinoma of the breast proved to be a 
congenital variant. (B) This patient with Hodgkin's granuloma was treated by radiation therapy and 
chemotherapy with a resultant paucity of lymph nodes. (C) The failure of visualization of retroperitoneal 
lymph nodes in this patient was secondary to total replacement of the lymph nodes with lymphoma. (D) A 
venogram of the patient in C confirms the presence of a retroperitoneal mass compressing the inferior vena 
cava (arrow 
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chvluria as a result of retrograde flow of 
the lymphatics of the abdominal wall where 
the anastomoses with vessels of the upper 
half of the body occur. One or more of these 
collateral vessels may rupture into the pel- 
vis of the kidney, the ureter, or the urinary 
bladder, giving tise to ล: Servelle 
and Deysson?? have reported on 6 cases of 
chylous reflux out of so patients with 
elephantiasis. They found the lymphatic 
channels enlarged 1 ท diameter, ranging from 
1 mm. to I cm. Retrograde flow was be- 
lieved due to the incompetency of the 
valves which resulted from marked disten- 
tion of the obstructed lymphatics. They 
felt that the initial process was one of an 


acute adenitis with subsequent sclerosis of 


the lymph nodes producing lymphatic ob- 
struction. This, in turn, resulted in lymph 
stasis, dilated lymphatics, and eventual 
edema. In one of their patients, there was 
a coexistent congenital malformation of the 
veins. Kinmonth and his co-workers? 9?! 
and then Jantet summarized the total of 
9 cases of chylous reflux reported in the 
literature. It was their belief that this was a 
rare complication of primary lymphedema 
with retrograde flow directed along the 
posterior abdominal wall to the pelvis and 
lower extremities. Thev noted that vesicles 
were frequently seen in the skin of the 
genitalia and lower extremity, which, when 
punctured, would exude intestinal chyle. 
We feel that the clinical manifestations 
depend on the site of the involvement and 
the anatomic variation of the lymphatic 
system in the individual patient. The ana- 
tomic variations primarily occur in the for- 
mation of the cisterna chyli from its major 
components, the right and left lumbar 
trunks and the gastrointestinal trunk. The 
classic picture of cisterna chvli as a bulbous 
dilatation at the junction of three major 
trunks is seen in approximately 47 per cent 
of cases.*^* However, in a significant per- 
centage, the gastrointestinal trunk drains 
into the major lumbar lymphatic channels, 
either as a single trunk or multiple smaller 
ones. This would explain the presence of 
unilateral chylous edema of the extremity 
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or unilateral chvluria. Unilateral findings 
have been more frequently noted on the 
left. 

A patient who exemplified this phenome- 
non was studied by C. M. Henner, Metho- 
dist Hospital, Dallas, Texas, because of 
chyluria and chvlous edema of the stump 
of the lower left extremity which : ad been 
amputated years before (Fig. 7, 4-D). An 
extensive network of lymphatics was seen 
following the cannulation and injection of a 
superficial lymphatic in the right foot. The 
pathways clearly showed the multidirec- 
tional flow. Intercostal lymphatics were 
filled and were seen to terminate in the 
visualized axillary lv mph nodes. The pres- 
ence of contrast medium in the pelvocalvc- 
eal svstem was an indication to the mech- 
anism involved in the production of 
chyluria. The lymphatic channels in. the 
pelvis were markedly dilated and tortuous 
and reflux was demonstrated in the stump 
of the opposite extremity and scrotum. It is 
of some interest that scattered collections 
of bu material found in vesicles in 
the skin of the scrotum were similar to 
those described by Kinmonth ef a/ and 
Jantet. 

In addition to the described forms of 
chylous reflux, most of which are of a 
chronic nature, it is apparently possible to 
produce a temporary chvlous reflux by 
lymphangiography. The major portion of 
the lymph i is gathered in the lacteals of the 
small intestine with an almost negligible 
amount generated in the normal lower ex- 
tremities. The intestinal chyle passes cen. 
trally to the aortic lymph nodes en route 
to the thoracic duct. Although collateral 
pathways exist, the primary flow is via the 
retroperitoneal plexus. During the per- 
formance of lvmphangiography, a large 
amount of insoluble oil based medium 
enters the lymph nodes. This can appar- 
ently produce a temporary stasis of lym- 
phatic flow due to simple congestion of the 
lymph node and an increase in the pressure 
gradient within the skeletal pathways due 
to the presence of the more viscid contrast 
material. This was noted in a patient in 
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7. Chylous reflux. (A) The dynamics of chyluria are demonstrated by the visualization of the pelvo- 
calyceal systems of each kidney (arrow I 
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s). (5) Redux into the intercostal lymphatics (arrow) resulted in the 
demonstration of the left axillary lymph nodes. (C) Retrograde flow into dilated tortuous lymphatic vessels 


of the pelvis, scrotum, and left lower extremity is seen. (D) Contrast filled vesicles are demonstrated in the 
scrotum. (C. M. Henner, Methodist Hospital, Dallas, Texas.) 
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our series who was operated on one day 
following lvmphangiographv. The lym- 
phatics of both the small and large bowel 
were dilated and engorged by white intes- 
tinal chyle which is ordinarily not present 
in the large bowel lymph channels. This 
does not produce a permanent interterence 
with the normal flow pattern, but does 
have a suggestive usefulness in aiding the 
surgical identification of mesenteric lymph 
nodes and channels, particularly when vital 
dves are used in conjunction with the oil 
based media. 


NEUROVASCULAR LYMPHATIC SPACES 


Thus far, the discussion has been con- 
cerned with the utilization of collateral 
and anastomotic channels which are une- 
quivocallv part of the lymphatic system. 
Recently, we have successfully demon- 
strated an additional collateral or anasto- 
motic route which we feel is functionally, 
if not phylogenetically, a part of the Ilym- 
phatic svstem. These accessory pathways 
follow the major vessels, forming a sheath- 
like structure with an actual or potential 
space between the vessel wall and the en- 
veloping membrane. Whether or not they 
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constitute a part of the lymphatic svstem is 
open to question; however, they are indis- 
putably in communication with the lym- 
phatic vessels. In this respect, they are 
analogous to the perineural and endoneural 
spaces.?"35-" The clinical importance of the 
latter in the dissemination of tumor has 
been emphasized by several investigators." 
Since the neural lymphatics or spaces pro- 
vide a relatively unopposed pathway along 
which tumor cells may propagate centrally 
from a peripheral lesion, it would seem log- 
ical that they may be utilized as collateral 
pathways in the presence of obstruction. 
The same reasoning may be applied to the 
perivascular spaces. We have had the op- 
portunity of observing a tubular cut of 
contrast material in several patients which 
clearly followed the distribution of the 
major vessels. Sequential roentgenograms 
have indicated that this is not representa- 
tive of extravasation of the opaque medium 
and the caliber and distribution of the 
columns were suggestive of contrast mate- 
rial lving primarily within the perivascular 
or perineural sheath. Figure 8, Z, B and C 
shows a patient in whom lvmphangiog- 
raphy was performed because of edema of 





Vic. $. Neurovascular /ymphatic spaces. (A) An alternative avenue of flow is demonstrated on the first day in 
the patient studied because of edema of the lower extremity. This initial roentgenogram shows extensive 
collateral circulation by way of dermal and subcutaneous channels. (5) The second day study shows a 
tubular cuff of contrast material (arrows). (C) By the sixth day the cuff was more obvious, and probably 
lying in the perivascular space (arrows). Note the marked delay in circulation time. 
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Fic. 9. Neurovascular lymphatic spaces. (A) Similar findings are noted in the lymphatics of the thigh in the 
patient described in Figure 8, 4, B and C. The initial roentgenogram on the first day reveals little contrast 


in the lymphatic vessels of the thigh. (B) The second day study shows progressive filling of the lymphatics. 
(C) After 6 days a cuff of contrast material is demonstrated. 


the lower extremity. Following completion 
of the injection of 10 cc. of oil based con- 
trast material, a massive lymphatic net- 
work was seen. Dermal backflow appeared 
to be the primary type of collateral circula- 
tion. However, on successive days a tubular 
shadow was outlined which we concluded 
was within the neurovascular sheath. A 
similar finding was seen in the thigh as the 
opaque material progressed proximally 
(Fig. 9, £, B and C). In other patients, the 
same configuration was found in the 
absence of edema. These findings seem 
to strengthen our hypothesis (Fig. 10, Z 


and 5). 


LYMPHATIC-VENOUS ANASTOMOSES 


Another channel of flow which is utilized 
with alterations of lymphatic dynamics is 
the direct communication. between the 
lymphatics and the veins, the so-called 
Iymphatic-venous anastomoses. These com- 
munications have been of considerable 
interest to anatomists in the past. With the 
present ability to demonstrate the lym- 
phatics, visualization of such anastomoses 
becomes important in better understanding 
lymphatic circulation. 


Embryologically, the primary lymphatic 
sacs bud off from the veins. This in itself 
creates the potential for such communica- 
tions. Paired sacs developed from the ante- 
rior cardinal veins, forming the jugular sacs 
which give rise to the major lymphatics of 
the head, neck, and upper half of the body. 
A second set of paired sacs develops from 
the mesonephric vein and these become the 
iliac sacs, the precursors of the skeletal 
lymphatics of the lower half of the body. 
Two single sacs form in common with the 
iliac sacs, one eventually comprising the 
anlage tor the cisterna chyli and the lower 
thoracic duct and the other for the lym- 
phatics of the abdominal viscera. 

Many investigators’ |)" have demon- 
strated anastomoses between lymphatics 
and veins other than the communications 
at the venous angle in the neck. Direct con- 
nections exist between the lymphatics and 
veins of the thyroid, kidney, adrenals, liver, 
etc. Accessory entrances into the inferior 
vena cava, azygos, and other veins were 
visualized after ligation of the thoracic 
duct by Job,” Lee, Blalock e a7. Freeman, 
and others." Carlsten and Olin’ found no 
such communications initially following li- 
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gation of the thoracic duct in cats. How- 
ever, after 2 weeks, How was established 
directly into the venous svstem. Malek 


ef al" observed in sheep the spread of 


bacteria from the lymph nodes to the blood 
stream by way of Ivmphatic-venous anas- 
tomoses, Also when studying anthrax im- 
fections by a lymphographic method, 
Málek ef al. found direct ly mphatic-venous 
connections at the site of Ivmph nodes 
damaged by the inflammation. Pressman 
ef al?" have shown such communication 
within lymph nodes by the injection of air 
into the lymph nodes in animals. Air was 
seen in both the etferent lymphatics and 
the veins. Frautschi described such com- 
munications in human cadavers; however, 
these are not truly reliable because of the 
inability to demonstrate lymphatic flow in 
cadavers. It is possible that fresh entrances 
into veins may develop under certain 
circumstances although more likely there 
is enlargement of pre-existing subsidiary 
channels which normally carry little or no 
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Ivmph. The above studies seem to sub- 
stantiate this supposition. 
A recent investigation utilizing direct 1n- 


jection of contrast material into the ly mph 


nodes of living humans disclosed most 
interesting findings. It was formerly be. 
lieved that the only communications were 
at the terminal trunks in the neck. Shan- 
brom and Zheutlin?? in 1959 demonstrated 
accessory lymphatics which drained directly 
into the jugular vein without traversing a 
lymph node. 

We have seen direct Iymphatic-venous 
communications following ล atic 
injec tion of contrast material under normal 
circumstances. This has been most fre- 
quently observed in cervical lymphangiog- 
raphy. Also, in the examination of the upper 
extremities, multiple direct communica- 
tions between the lymphatics and the sub- 
clavian vein other than the classically 
described junction. at the venous angle 
have been visualized. More frequently, 
Ivmphatic-venous anastomoses have been 





Fic. to. Neurovascular lymphatic spaces. 
lymph flow through perivascular spaces. 


GT) The outlining of vascular structure is believed to be due to the 
This patient had no edema. (8) Another patient with no edema 


shows the perivascular lymph spaces visualized by lymphangiography of the lower extremity. 
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Vic. 11. Lymphatic-venous anastomosis. (A) Line drawing of the cervical lymphangiogram demonstrates the 
direct communication of the lymphatics (short arrows) and veins (long arrow) in a patient following a 
radical neck dissection for malignant melanoma. ( B) The roentgenogram reveals the irrregular lymph node 
involved with metastatic disease. A fine lymphatic channel (short arrows) can be seen emptying into a vein 


(long arrow). 


illustrated in patients with obstruction of 
lymphatic flow, thereby re-establishing the 
continuity of the system. Gould and 
Schaffer? demonstrated this phenomenon 
in a patient with carcinoma of the uterus. 
There was complete replacement of the 
retroperitoneal lymph nodes by tumor 
and interruption of the lymphatic path- 
ways. The same mechanism was observed 
by Wright and Halaby® in a patient with 
a lymphadenectomy and hysterectomy for 
carcinoma of the cervix. All patients who 
are examined by lymphangiography will 
experience pulmonary embolization of the 
oil-based contrast material. Clinical mani- 
festation of this phenomenon is dependent 
upon the amount of contrast material 
entering the lungs and the period of time 
over which this embolization occurs. In the 
presence of lymphatic-venous anastomoses, 
pulmonary embolization is direct and rapid 


and, therefore, a more serious problem than 
in the usual examination. 

A patient, who was treated 1 vear previ- 
ously bv a radical neck dissection for a 
metastatic melanoma, was examined for 
the evaluation of a nodule in the operative 
site. To demonstrate the posterior cervical 
lymphatics and lymph nodes, the vital blue 
dye was injected intradermally into the 
scalp above the ear. A subcutaneous lym- 
phatic was isolated just posterior to the ear. 
After cannulation and injection of the con- 
trast medium, a channel was demonstrated 
which terminated in the palpable lymph 
node which was obviously involved by neo- 
plasm. Another vessel coursed toward the 
occiput and precipitously emptied its con- 
tents into a superficial vein, an example of 
lymphatic-venous anastomosis (Fig. 11, 4 
and B). This phenomenon was observed 
with the use of cineroentgenography. Al- 
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though the lymphatic remained filled with 
the radiopaque material throughout its 
length, the more rapid flow in the vein was 
manifested by the swift movement ot the 
droplets of contrast material within the 
venous channel. 

Lymphatic-venous anastomoses are prob- 
ably relatively inactive pathways under 
normal circumstances. These potential 
channels are utilized in the event of ob- 
struction to normal flow and are best 
demonstrated during injection. Once the 
contrast material enters the vein, it rapidly 
disappears into the general circulation. 
When visualized during injection, the ex- 
amination should be terminated in order 
to minimize pulmonary embolization of the 
contrast material. 

LYMPHATIC-VENOUS RELATIONSHIP 
IN EDEMA 
Lymphatic dynamics frequently depend 


on lymphatic-venous interplay. Aside from 
the direct communication just described, 
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the etiology of many forms of secondary 
edema lies in the upset of the balance which 
normally prevails between the two com- 
analysis of the dynamics associated with 
the production of edema of an extremity. 
Differentiation of the mechanisms can be 
made bv performing both lymphangiog- 
raphy and venography. Our findings can be 
classified as follows: (1) lymphatic obstruc- 
tion; (2) venous occlusion—(a) intrinsic 
and (b) extrinsic; and (3) combined lym- 
phatic and venous disease. These classifica- 
tions are most dramatically illustrated in 
the varietv of mechanisms seen in post- 
mastectomy edema. 

1. Lymphatic Obstruction. The sequelae 
of lymphatic obstruction have been de- 
scribed previously in the discussion on col- 
lateral circulation. Figure 1277 shows a case 
of postmastectomy edema following radical 
mastectomy and axillary lymph node dis- 
section; the lymphangiographic picture is 
that usually seen in cases with lymphatic 





Fic. 12. Acquired edema of the arm secondary to lymphatic obstruction. (A) Following radical mastectomy 
this patient developed edema secondary to lymphatic obstruction. (B) A venogram of the same patient is 


normal. 
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Neurovascular ly แบ ง spaces. (A) Similar findings are noted in the lymphatics of the thigh in the 
A, B and C. The initial roentgenogram on the first day reveals little contrast 


in the lymphatic vessels of is thigh. (5) The second day study shows progressive filling of the Iymphaties. 
(C) After 6 days a cuff of contrast material is demonstrated. 


the lower extremity. Following completion 
of the injection of 1 ๐ cc. of oil based con- 
trast material, a massive lymphatic net- 
work was seen. Dermal backflow appeared 
to be the primary type of collateral circula- 
tion. However, on successive days a tubular 
shadow was outlined which we concluded 
was within the neurovascular sheath. 

similar finding was seen in the thigh as the 
opaque material progressed proximally 
(Fig. 9, .7, B and C). In other patients, the 
same configuration was found in the 
absence of edema. These findings seem 
to strengthen our hypothesis (Fig. 10, 4 


and A). 
LYMPHATIC-VENOUS ANASTOMOSES 


Another channel of flow which is utilized 
with alterations of lymphatic dynamics is 
the direct communication between the 
lymphatics and the veins, the so-called 
ly mphatic-venous anastomoses. These com- 
munications have been of considerable 
interest to anatomists in the past. With the 
present ability to demonstrate the lym- 
phatics, visualization of such anastomoses 
becomes important in better understanding 
Iymphatic circulation. 


Embrvologically, the primary lymphatic 
sacs bud off from the veins. This in itself 
creates the potential for such communica- 
tions. Paired sacs developed from the ante- 
rior cardinal veins, forming the jugular sacs 
which give rise to the major lymphatics ot 
the head, neck, and upper half of the body. 
A second set of paired sacs develops from 
the mesonephric vein and these become the 
iliac sacs, the precursors of the skeletal 
lymphatics of the lower half of the body. 
Two i gle e SACS nm n common a the 
iae sacs, one eventually comprising 
NER ior the cisterna ms and Du 1 
thoracic duct and the other tor the lym- 
phatics of the abdominal viscera. 

Many investigators? ** 5 have demon- 
strated anastomoses between lymphatics 
and veins other than the communications 
at the venous angle in the neck. Direct con- 
nections exist between the lymphatics and 
veins of the thyroid, kidney, adrenals, liver, 
etc. Accessory entrances into the inferior 
vena cava, azvgos, and other veins were 
visualized after ligation of the thoracic 
duct bv Job,” Lee, Blalock e£ a/.,? Freeman, 
and others.“ Carlsten and Olin’ found no 
such communications initially following li- 
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gation of the thoracic duct in cats. How- 


ever, after 2 weeks, flow was established 
directly into the venous system. Malek 


ef al $3 observed in sheep the spread of 
bacteria from the lymph nodes to the blood 
stream by way of Iv mphatic-venous anas- 
tomoses. Also when studying anthrax in- 
fections by a lymphogray shic method, 
Malek e£ al. found direct ใจ mphatic-venous 
connections at the site of lvmph nodes 
damaged by the inflammation. Pressman 
et al 7? have shown such communication 
within lymph nodes by the injection of air 
into the lymph nodes in animals. Air was 
seen in both the efferent lymphatics and 
the veins. Frautschi described such com. 
munications in human cadavers; however, 
these are not trulv reliable because of the 
inability to demonstrate lymphatic flow in 
cadavers. It is possible that fresh entrances 
into veins may develop under certain 
circumstances although more | likely. there 
is enlargement of pre-existing subsidiary 
channels which normally carry little or no 
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lymph. The above studies seem to sub. 
stantiate this supposition. 
À recent investigation utilizing direct in- 


jection of contrast material into the lymph 


nodes of living humans disclosed most 
Interesting findings. It was formerly be- 
lieved that the only communications were 
at the terminal trunks in the neck, Shan- 
brom and Zheutlin® in 19:9 demonstrated 
accessory lymphatics which drained directly 
into the jugular vein without traversing il 
lymph node. 

We have seen direct lymphatic-venous 
communications following intralymphatic 
injection of contrast material under normal 
circumstances. This has been most fre. 
quently observed in cervical lymphangiog- 
raphy. Also, in the examination of the upper 
extremities, multiple direct communica- 
tions between the lymphatics and the sub- 
clavian vein other than the classically 
described junction at the venous angle 
have been visualized. More frequently, 
Ivmphatic-venous anastomoses have been 





CA) The out 
lymph flow through perivascular s spaces, This patient had no edema. 
shows the perivascular lymph spaces visualized by lymphangiography of the lower extremity. 


lic. 10. Neurovascular lymphatic spaces. 


lining of vascular structure is believed to be due to the 


H 


(5) 


Another patient with no edema 
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Fic. 11. Lymphatic-venous anastomosis. (4) Line drawing of the cervical lymphangiogram demonstrates the 
direct communication of the lymphatics (short arrows) and veins (long arrow) in a patient following a 
radical neck dissection for malignant melanoma. (B) The roentgenogram reveals the irrregular lymph node 
involved with metastatic disease. A fine lymphatic channel (short arrows) can be seen emptying into a vein 


(long arrow). 


illustrated in patients with obstruction of 
lymphatic flow, thereby re-establishing the 
continuity of the system. Gould and 
Schatfer! demonstrated this phenomenon 
in a patient with carcinoma of the uterus. 
There was complete replacement of the 
retroperitoneal lymph nodes bv tumor 
and interruption of the lymphatic path- 
ways. The same mechanism was observed 
by Wright and Halaby® in a patient with 
a lvmphadenectomy and hysterectomy for 
carcinoma of the cervix. All patients who 
are examined by Iymphangiography will 
experience pulmonary embolization of the 
oil-based contrast material. Clinical mani- 
festation of this phenomenon is dependent 
upon the amount of contrast material 
entering the lungs and the period of time 
over which this embolization occurs. In the 
presence of lymphatic-venous anastomoses, 
pulmonary embolization is direct and rapid 


and, therefore, a more serious problem than 


A patient, who was treated 1 year previ- 
ously by a radical neck dissection for a 
metastatic melanoma, was examined for 
the evaluation of a nodule in the operative 
site. To demonstrate the posterior cervical 
lymphatics and lymph nodes, the vital blue 
dve was injected intradermally into the 
scalp above the ear. A subcutaneous lym- 
phatic was isolated just posterior to the ear. 
After cannulation and injection of the con- 
trast medium, a channel was demonstrated 
which terminated in the palpable lv mph 
node which was obviously involved bv neo- 
plasm. Another vessel coursed toward the 
occiput and precipitously emptied its con- 
tents into a superficial vein, an example of 
lymphatic-venous anastomosis (Fig. 11, 4 
and B). This phenomenon was observed 
with the use of cineroentgenography. Al- 
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though the lymphatic remained filled with 
the radiopaque material throughout its 
length, the more rapid flow in the vein was 
manifested by the swift movement of the 
droplets of contrast material within. the 
venous channel. 

Lvmphatic-venous anastomoses are prob- 
ably relatively inactive pathways under 
normal circumstances. These potential 
channels are utilized in the event of ob- 
struction to normal flow and are best 
demonstrated during injection. Once the 
contrast material enters the vein, it rapidly 
disappears into the general circulation. 
When visualized during injection, the ex- 
amination should be terminated in order 
to minimize pulmonary embolization of the 
contrast material. 

LYMPHATIC-VENOUS RELATIONSHIP 
IN EDEMA 
Lymphatic dynamics frequently depend 


on lymphatic-venous interplay. Aside from 
the direct communication just described, 
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the etiology of many forms of secondary 
edema lies in the upset of the balance which 
normally prevails between the two com- 
partments. This is best presented by an 
analysis of the dynamics associated with 
the production of edema of an extremity. 
Differentiation of the mechanisms can be 
made by performing both lvmphangiog- 
raphy and venography. Our findings can be 
classified as follows: (1) lymphatic obstruc- 
tion; (2) venous occlusion (a) intrinsic 
and (b) extrinsic; and (3) combined lym- 
phatic and venous disease. These classifica- 
tions are most dramatically illustrated in 
the variety of mechanisms seen in post- 
mastectomy edema. 

1. Lymphatic Obstruction. The sequelae 
of lymphatic obstruction have been de- 
scribed previously in the discussion on col- 
lateral circulation. Figure 12.7 shows a case 
of postmastectomy edema following radical 
mastectomy and axillary Iv mph node dis- 
section; the lymphangiographic picture is 
that usually seen in cases with lymphatic 





Fic. 12. dequired edema of the arm secondary to lymphatic obstruction. (A) Following radical mastectomy 
this patient developed edema secondary to lymphatic obstruction. (B) A venogram of the same patient 1s 


normal. 





atic Dynamics in Abnorma 














dema of the arm dui 
mastectomy edema demonstrate 


* 





[us 


arged axillary lymph nodes. (D) Venogram of patient in C show 


(Schafer and Gould, Philadelphia General Hospital. 


obstruction. The site of the obstruction was 
in the axilla. Multiple collateral channels 
are clearly seen attempting to circumvent 
the obstruction. The lymphatics are di- 


ated and tortuous with associated derma 








primarily to venous occlusion, (s 


demonstrates chronic thrombophlebitis, intrinsic disease. (C) Lymphangiogram of another patie 
because of edema of the arm associated with a carcinoma of the breast. T 
la 
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xtrinsic compression of the axillary vein. 
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backflow. The venogram (Fig. 
normal. . 

2. Fenous Occlusion. Venous occlus: 
may be either intrinsic (thrombophlebitis: 


or extrinsic (vascular compression) in orl- 
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gin. The patient shown in Figure 13, 4 and 
D had a carcinoma of the breast which was 
treated by radical mastectomy and axillary 
dissection followed by radiation therapy. 
Postmastectomy edema gradually de- 
veloped. The venogram revealed chronic 
intrinsic thrombophlebitis. Lymphangio- 
grams showed also a decrease in the caliber 
and number of the lymphatics. Itis believed 
by many that chronic thrombophlebitis is 
usually coupled with เล น อ ม ส lym- 
phangitis.? In an attempt to explain our 
findings, it is postulated that there is stasis 
in the lymphatics of the extremity, thereby 
making fewer channels available an active 
flow. On the other hand, perhaps the de- 
crease in caliber is to the increase 
in interstitial tissue pressure stasis or spasm. 
Extrinsic venous disease mav be due to 
enlarged lymph nodes, inflammatory. or 
neoplastic in origin, compressing the veins. 
It may also be produced by fibrotic or 
inflammatory changes in the perivascular 


e 


hic, 14. Combined lymphatic aud venous disease in the production of edema. (4) T 
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tissues secondary to surgery or radiation 
therapy and may eventuate in an occlusion 
of the vein. Figure 13, C and D shows ex- 
trinsic venous disease in a patient with a 
carcinoma of the breast. There was edema 
of the arm prior to any form of therapy. 
The lvmph nodes compressing the vein 
ut: to be inflammatory 
. Combined L ymphatic and Fenous Dis- 
ease. Most frequently encountered is a com- 
bination of these two entities. ไท such 
situations the vein is involved either by 
intrinsic or extrinsic disease. Lymph angio- 
grams show lymphatic obstruction with ex- 
tensive collateral circulation. However, the 
Ivmphatic vessels are finer in caliber than 
those seen with "pure" lymphatic obstruc- 
tion. There is usually an associated soft 
tissue suffusion of contrast material. 
Obstruction ot the superior vena cava 
and right subclavian vein by a carcinoma 
of the lung as also occlude lymphatic 
flow (Fig. 14, Æ and B). The increased 





his patient with a carcinoma 


of the lung was studied because of edema of the right upper extremity. T he Ivmphangiogram demonstrates 
lymphatic obstruction with associated collateral circulation in the axilla. (8) The venogram reveals occlu- 
sion of the subclavian vein with concomitant venous collaterals. (Schaffer and Gould, Philadelphia General 


Hospital.) 
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lgkin's disease was treated by 
| Phe lymphangio- 
gram demonstrates extensive collaterals with some suffusion of contrast into the interstitial tissue. The 


venogram reveals narrowing and irregularity of the axillary vein probably secondary to chronic thrombo- 
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phlebitis. (C and D) Another patient with edema of the upper extremity following radical mastectomy and 


ef 
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radiation therapy demonstrates the combination of lymphatic obstruction and extrinsic venous compres- 
sion 
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venous pressure inhibits the normal flow of 
lymph into the subclavian vein at the 
venous angle. The lymphangiogram shows 
marked collateral lymphatic circulation in 
the axillary and supraclavicular areas and 
in the lateral chest wall. There are ir- 
regular supraclavicular lymph nodes dem- 
onstrated bien are diagnostic of met- 
astatic disease. Venograms demonstrate 
filling of accessory venous channels by- 
passing the occlusion. 

Figure 15, 4 and B shows a patient with 
Hodgkin's disease and extensive axillary 
lymph node involvement. The diagnosis 
was established by axillary lymph node 
biopsy and followed by radiation therapy 
to the axilla. There was progressive edema 
of the arm. The lymphangiogram shows an 
extensive collateral lymphatic network; 
these vessels are, in general, fine in caliber 
and there is soft tissue suffusion of the radio- 
paque material. The venogram demon- 
strates an irregular axillary vein, suggest- 
ing thrombophlebitis. 

Another patient with extrinsic venous 
disease in combination with lymphatic ob- 
struction is shown in Figure 15, C and D. 
This patient developed edema of the arm 
following a radical mastectomy and radia- 
tion therapy. The axillary and cephalic 
veins are tapered in the axilla, suggesting 
extrinsic compression. The lymphangio- 
gram reveals extensive collateral circula- 
tion through lymphatics of fine caliber and 
slight soft tissue suffusion of the contrast 
material. The lymphangiographic picture 
in such instances has been consistent. 


SUMMARY 


The study of lymphatic dynamics has 
been made possible by lymphangiography. 
Fluid dynamics of the blood vascular sys- 
tem are applicable to thelymphatic system 
even though the rate of flow is markedly 
decelerated. 

Alternative routes of flow in certain 
abnormal states have been described. Ob- 
struction to lymphatic pathways results in 
the establishment of collateral circulation 
through the most available channels in 
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order to circumvent the interruption and 
maintain the integrity of the system. When 
such mechanisms are inadequate, there is 
an accumulation of relatively static fluid, 
resulting in edema. Other alternative 
avenues lie in the neurovascular sheaths 
and lymphatic-venous anastomoses. The 
intimate relationship between the lymphat- 
ics and veins must be appreciated before 
the problem of the edematous extremity 
can be understood. These are but a few of 
the mechanisms employed in the mainte- 
nance of lymphatic flow. 


R. R. Greening 

Department of Radiology 
Jefferson Medical College Hospital 
11th and Walnut Streets 
Philadelphia 7, Pennsylvania 
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A PHYSIOLOGIC APPROACH TO LYMPH FLOW 
IN LYMPHOGRAPHY* 


By PETER G. HERMAN, M.D., DAVID L. BENNINGHOFF, M.D., 
aud SOLOMON SCHWARTZ, M.D. 


YMPHOGRAPHY has enjoyed and suf- 

+ fered the consequences of sudden popu- 
larity. Intralymphatic injection of oily con- 
trast media provided spectacular opacifica- 
tion of the lymph nodes. The enthusiasts 
hoped to detect subclinical lv mph. node 
metastasis. When it became evident that 
this was not feasible, manv abandoned the 
procedure as useless. In realitv, the most 
valuable information obtained bv injection 
of oily substances concerns the lymph flow. 
However, maintenance of the lymph flow is 
the major physiologic role of the lymphatic 
system. We believe that a new era of clinical 
lymphography is about to start, wherein 
the emphasis on the morphology of the 
lymph nodes will shift to a dynamic ap- 
proach to the lymphatic system, primarily 
toward the study of the characteristics of 
lymph flow. 

Deviations from normal pathways of 
lymph flow at lymphography have been 
found in our experience to be a sensitive, 
reliable index of abnormalities of the 
lymphatic svstem. The manifestations of 
these abnormalities are two-fold: obstruc- 
tion of usual channels and appearance of 
alternate pathwavs. 

Kinmonth e a/.,° who developed the pres- 
ent technique of lvmphography, studied 
edema of the lower extremities. They de- 
scribed alternate pathways of lymph flow 
in edema secondary to lymphatic obstruc- 
tion. Greening and Wallace? emphasized 
the evaluation of channels in the interpreta- 
tion of lymphograms. Picard and Manlot® 
pointed out obstruction and deviation of 
channels and suggested the existence of 
Iymphaticovenous, lymphaticoportal, and 
pyelolymphatic communications. Other 


workers have described alternate pathways 
of lymph flow in the abnormal lympho- 
gram 

To analyze lymph flow it is important to 
recognize that the lymphatic apparatus is 
composed of (A) the lymphvascular system 
and (B) the lymphoid tissues (lymph nodes, 
spleen, bone marrow, etc.). 

This concept of duality is based on the 
following: 

1. Embryologically and phylogenetically 
the Iymphvascular system appears earlier 
and separate from lymphoid tissue. t? 

2. Anatomically, the lymphvascular svs- 
tem is widespread throughout the body 
while the lymphoid tissues are localized 
structures.!? 

3. Physiologically, the function of the 
Iymphvascular system is the return of ex- 
travascular protein to the venous circula- 
tion, a function essential for life. The func- 
tion of the lymphoid tissues, whatever it 
may be, is separate from that of the lymph- 
vascular system??? 

4. Experimentally lymphoid. tissue. can 
be destroved bv irradiation with no effect 
on rate of lymph flow. ? 

In the roentgenographic studv of the 
lymphatic system, the information ob- 
tained depends partly on the contrast mate- 
rial used.? 

a. Crystalloids (water soluble mate- 
rials), while miscible in lymph, diffuse out 
rapidly from the lymphatic system. They 
can be used to study the lymphatic chan- 
nels of the extremities, but not of the entire 
system. 

b. Colloidal substances (oils, Thorotrast, 
etc.) are immiscible in lymph but are re- 
tuned in the lvmphvascular system and 
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therefore are very useful in studying lymph 
flow in the vessels. Oils are also retained in 
the Ivmph nodes, but, because they are 
immiscible in the lymph and form globules 
of various size, they do not demonstrate 
the fine structure of the lymph node. 

c. Corpuscular material (india ink, red 
blood cell, ete.) is also retained in the 
lymphatic system and is useful to study the 
filtering capacity of the lymphoid tissues." 
Its fow characteristics are not known to us. 

E.thiodol, the contrast medium presently 
in use, behaves as a colloid and 1s ideal for 
studying the lymphatic channels. The 
duality of the svstem is apparent when one 
studies the immediate postinjection lvm- 
phograms wherein the channels are visual- 
ized first and independently from the 
Ivmph nodes (Fig. 1, 4 and B). 

Illustrative cases showing abnormality in 
lymph flow and physiologic and anatomic 
approach to Iwmphographic analvsis are 
presented. 


ILLUSTRATIVE CASES 


Case 1, S. K., a gi vear old female, presented 
with marked postmastectomy edema of the left 


@ 


ae 
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underwent a left radical mastectomy for in- 
fitrating duct cell carcinoma with axillary 
lymph node metastases. She had received post- 
operative radiation therapy to the mediasti- 
num and supraclavicular-axillarv regions. Ve- 
nography was essentially normal. Lymphogra- 
phy was performed. 

The lymphogram (Fig. 2) showed that the 
usual lymphatic channels were completely ab- 
sent. Many fine tortuous dermal collaterals 
were demonstrated; the tubular structures 
which were visualized represented extensive 
perivascular lymphatic opacification. On the 
delayed roentgenogram only a single Iymph 
node was visualized in the cubital region. A 
large amount of contrast material was retained 
in the collaterals and perivascular lymphatics 
for weeks. 


Comment. This case shows that tollow- 
ing occlusion of the usual pathwavs, dermal 
collateralization occurs; apparently when 
the dermal collaterals are inadequate the 
perivascular pathways become opacified. 


Case IL A.Z., a 60 year old male, was ad- 
mitted because of increasing weakness, fever, 
and malaise. Ten months prior to admission, the 
patient received radiation therapy to an อ ท - 
larged right neck Ivmph node, which sub- 





(4) Immediate postinjection roentgenogram shows opacification of the abundant lymph channels 


independently from lymph nodes. (B) On the 24 hour roentgenogram the lymph nodes are visualized. 
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sequently regressed to normal size. Physical 
examination showed only minimal hepato- 
splenomegaly. Small palpable inguinal lymph 
nodes were present. Blood urea nitrogen was 
ob mg. per cent. Retrograde pyelography re- 
'ealed bilateral ureteral obstruction. Inguinal 
and axillary lymph node biopsies showed only 
lymphoid hyperplasia. The Iymphogram was 
consistent en abdominal lymphoma obstruct 
ing the ureters. Ureteral catheters were intro- 
duced and radiation the ‘apy was given, 2,500 r 
to the tumor in 3 weeks. Following irradiation, 
the Ivmph nodes became smaller, the blood 
urea nitrogen gradually returned to normal and 
the patient became asymptomatic. 
Lymphograms (Fig. 3; and 4, 4 and B) 
showed prominent colla teral channels extend- 
ing from the inguinal r ion into the scrotum 
and across the lower pelvis. Innumerable col- 
lateral channels were noted in the iliac regions 


Fic, 2. Case r Postmastectomy edema. 


usual lymphatic channels, with many tortuous 
collaterals and extensive perivascular lymphatic 
opacification is demonstrated. 


Lymph Flow in Lymphography 





Absence of 


Fic. 3. Case m. Arrows point to collateral channels 
in the interinguinal, pelvic and right lumbar 
regions. Innumerable collateral channels are re- 


placing the usual ป ร อ ท อ ให 10 pathways. 


while in the Juxta-aortic area only a few chan- 
nels were opacifed, Some unusual channels in 
the aortic area led to the kidney region. The 
large lymph nodes presented a lacy lymphoma- 


เ 


tous pattern. 


Comment. The marked lymphatic collat- 
eralization was ze to functional obstruc- 
tion which is unusual in lymphoma. It is 
noteworthy that along the path of collat- 
erals no lymph nodes were seen. 


Case It. G. G., a 69 year old man, presented 
with a several months’ history of wae ided ab- 
dominal pain. A left sided dees mass was ร น ร - 
pected by palpation. An intravenous pyelo- 


gram showed some en of the left 
ureter. An a 7} ก e m was ก ก 


of the | bara: e om Ab 0 UNA ex- 
ploration, the entire retroperitoneum was found 
to be ines ed by undifferentiated carcinoma. 
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Vic. 4. Case u. 67) The lacy pattern of the enlarged lymph nodes is characteristic of lymphoma. The hydro- 
nephrosis is secondary to extrinsic pressure. Note the absence of lymph nodes along the path of collaterals 
in the lumbar and pelvic regions. (8) Following irradiation, there is marked decrease in size of the lymph 

1 
nodes. 


The Ivmphogram (lig. $) showed that the 
usual lymphatic pathways in the iliopelvic aor- 
tic regions were absent. Only irregular small 
collaterals were opacified and were displaced 
anteriorly and laterally. Larger channels devoid 
of lymph nodes extended to the juxta-aortic 
region. The only Iv mph nodes visualized were 


in the inguinal area. 


Comment. This case shows that when 
the normal pathway of lymph flow is ob- 
structed alternate pathways which do not 
traverse lymph nodes become opacified. 


Case iv. A.S., a 75 vear old male, presented 
with an increasing mass in the right groin of i 
year's duration. Marked swelling ot the right 
lower extremitv was present; the left lower ex- 
tremity was also edematous. Biopsv of a right 
inguinal lymph node showed Hodgkin's sar- 
coma. Lvmphography was performed. The pa- 


tient expired 3 months later and autopsy re- 
vealed Hodgkin's disease involving the iliopel- 
vic, aortic, and inguinal lymph nodes, right kid- 
ney, liver and right testis. There was bilateral 
occlusion of the iliac veins. 

The Iymphogram (Fig. 6) showed a complete 
obstruction to the lymph flow at the ilio- 
inguinal junction on the right side. Collateral 
pathwavs crossed over from the right to the left 
inguinal region. The delaved roentgenograms 
showed no lymph nodes on the right side above 
the inguinal region, while the lymph nodes of 
both inguinal and the left iiac regions had 


large filling defects. Their foamy appearance 


was consistent with Hodgkin’s disease. 


Comment. In this case autopsy con- 
firmed extensive involvement bv Hodgkin's 
disease of the iliac regions bilaterally. It is 
apparent that the interinguinal collaterals 
were due to this obstruction. 
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Case v. H.H., an 83 year old male, presented 
with back pain and edema of the lower extremi- 
ties. Three vears previously prostatectomy was 
performed for "benign prostatic hyperplasia.” 
A roentgenographic skeletal survey subse- 
quently showed widespread osteoblastic me- 
tastases. Intravenous pyelography revealed 
left hydronephrosis. Lymphography was per- 
formed. 

The lymphogram (Fig. 7) showed normal ap- 
pearing channels bilaterally in the inguinal 
regions. In the lower external iliac area the 
lymphatic channels were markedly dilated, and 
many collateral pathways were opacified. A 
large lymphatic channel led to a left lateral 
sacral lymph node. A complete block of lymph 
flow was present at the common iliac level. On 
the postinjection roentgenograms, pools of con- 
trast material were seen in the lymph nodes, 
suggesting dilated sinusoids in enlarged lymph 
nodes. The delaved roentgenograms showed dis- 
tortion of anatomic distribution of the enlarged 
irregularly filled lymph nodes, again revealing 
pools of contrast material within. 


Comment. This case demonstrates the 





Fic. 6. Case 111. The usual iliopelvic-aortic lym- 
phatic pathways are absent; only irregular col- 
laterals are opacifed. On delayed studies, no lymph 
nodes were visualized along these collaterals. 
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Fic. 6. Case iv. Hodgkin's disease. Arrow points to 
an interinguinal collateral which is indicative of 
functional obstruction in the system. 


effect of malignant extension blocking the 
lymph flow. This manifested itself in 
dilatation of the usual channels, collateral- 
ization and distortion of intranodal lvm- 
phatic pathways (dilated sinusoids). 


Case vi. V.S., a 55 year old man, was re- 


talzed 1 vear previously when a histologic 
diagnosis of lymphoma of the retroperitoneal 
space with periureteral fibrosis was made. He 
received radiation therapy to the entire abdo- 
men, 3,000 r tumor dose in 4 weeks. 

A chest roentgenogram on present admission 
showed a huge right pleural effusion, which 
proved to be chvlous. Ly mphography was per- 
formed. The patient was treated with intra- 





Ie 


Case v. Arrow points to a prominent channel 
leading to a lateral sacral lymph node. Note the 
dilated sinusoids in the lymph nodes due to a com- 
plete obstruction at the common iliac level. 


TAI 





Fic. 8. Case vr. Superabundance of collaterals in the 
iac regions is seen. The right juxta-aortic chan- 
nels are largely absent, but arrow points to unusual 
collaterals extending to right lumbar region. 





Fic. 9. Case vi. (1) The cysterna chyli and the 
thoracic duct have their origin entirely from the 
left juxta-aortic channels (arrow). (B) In spite of a 
rght chylothorax, the thoracic duct is normal. 


Peter G. Herman, David L. Benninghotf and Solomon Schwartz —— June, 1964 


pleural nitrogen mustard with subsequent im- 
provement. 

Lymphograms (lig. 5; 9, ,7 and B; and 10) 
showed a superabundance of collateral channels 
in the iliac regions with marked crossing over to 
the left side. The right juxta-aortic channels 
were largely absent, but unusual collaterals ex- 
tended to the right as far as 10 cm. Many fine 
caliber channels were opacified in the left juxta- 
aortic region. The thoracic duct was well visual- 
ized and was normal. There was marked dimi- 
nution in size and number of the lymph nodes 
in the iliopelvic and lower aortic regions bi. 
laterally; some abnormal lymph nodes were 
visualized in the left upper Juxta-aortic area. 


Comment. This case shows that the 
chvlothorax was not due to obstruction ot 
the thoracic duct, but to a block in the 
juxta-aortic area with collateral paths lead- 
ing to pleural space. The previous radiation 
therapy to the entire abdomen caused 
marked diminution of the lymphoid tissues 
(Iv mph nodes) but no apparent change in 
the lymph flow. 


Fig. 10. Case vi. In. spite of abundant lymphatic 
channels in the iliopelvie region (Fig. 8), there is a 
lack of lymph nodes along the path of these col- 


laterals. 
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Case vir. B.L., a so year old male, was ad- 
mitted because of an increasing right testicular 
mass of 3 months' duration. Subsequently, he 
underwent a right orchidectomy. The patho- 
logic diagnosis was embryonal cell carcinoma 
without cord involvement. Lymphography was 
performed. The patient received radiation and 
chemotherapy and expired 1 month later. 

Lymphograms (lig. 11 and 12) demonstrated 
several unusual lymphatic channels in the tlio- 
pelvic region. At the level of the third lumbar 
vertebra, complete cut-off of the lymph flow on 
the right side was noted, and via collateral 
pathways the entire liver was opacified in a dif- 
fuse reticular pattern. On the delaved roent- 
genograms no lymph nodes could be identified 
in the Juxta-aortic region and irregularly filled, 
disorganized lymph node groups were seen in 
the iliopelvic regions. 


Comment. The apparent complete ob- 
struction of the lymph channels in the 
juxti-aortic region diverted the lymph flow 
toward the liver. It is uncertain whether the 
contrast material was in intrahepatic lym- 
phatics or in. portal vessels. This patient 





Fic. 12. Case vri. Diffuse opacification of the 
liver is seen. 


was followed for several davs during which 
time the material remained in the liver. It is 
therefore assumed that intrahepatic lym- 
phatic channels had been opacified. 


Case vur LM., a 34 year old female, was ad- 
mitted for radiation therapy of a Stage H carci- 
noma of the uterine cervix. She received exter- 
nal radiation and intrauterine radium insertion, 
Five months later local recurrence was noted. 
Prior to radical hysterectomy and pelvic lym- 
phadenectomy, Iymphography was performed. 
The patient was operated on and had ล ท un- 
eventful recovery. Three months later ly mphog- 
raphy was repeated. The patient was and isat 
present asymptomatic. 

A preoperative Ivmphogram (Fig. 13.7) 
showed normal channels and lymph nodes in 

the entire iliopelvic aortic lymphatic system. A 
(arrows) are seen in the ilopelvic-aortie region, Postoperative Iymphogram showed that ail the 
There is a complete block of lymphatic channels external and lower common iliac lymph nodes 


E 


at the Juxta-aortic region, and flow is diverted to and the hypogastric lymph nodes had been re- 


the liver (Fig. 12). moved. Repeat lymphography 3 months fol- 





Fic. 11. Case vir, Unusual. lymphatic channels 
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lowing operation showed a lymphocyst, 3 cm. 
in diameter, in the left external iliac region. On 
delaved roentgenograms many collaterals were 
seen emerging from the lymphocyst (Fig. 138). 


Comment. This case shows an alternative 
for lymph flow following surgical transec- 
tion of major lymphatic trunks Ivmpho- 
cyst formation. In this case collaterals 
emerging from the lymphocyst maintained 
Ivmph outfow and the patient remained 
asymptomatic. 


DISCUSSION 


In order to appreciate alterations in 
lymph flow, it is essential to understand 
the normal roentgen anatomy of the lvm- 
phatic channels and lymph nodes. This 
normal roentgen anatomy for the iliopelvic 
aortic regions has been previously de- 
scribed. 

The cases we have presented demon- 
strated the following alteration in lymph 
flow: 


a. dermal collaterals 
b. perivascular pathways 
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c. alternate channels not associated with 
Iy mph nodes replacing the normal ilio- 
pelvic-aortic channels 

d. diminution in. size of lymph nodes 
after irradiation, with maintenance of 
lymph flow 

e. dilatation of intranodal lymph path- 
wavs secondary to obstruction 

t. chvlothorax in the presence of a nor- 

mal thoracic duct, but with extensive 

collateralization in the iliopelvic-aor- 
tic regions 

diffuse opacification ot the liver in the 

presence of obstruction of the upper 

juxta-aortic channels 


OS 


h. Iyvmphocyst formation following sur- 
gery 


On Iymphograms the appearance of un- 
usual pathways shows that there is a sig- 
nificant disturbance of the lymph flow. 

Obstruction and collateralization often 
occur ina complementary fashion; obstruc- 
tion can be differentiated from incomplete 
fling by the presence of collaterals. It is 
important to realize that these alternate 


Vic. 15. Case virt, 67) Preoperative [ymphogram demonstrates normal lymph nodes in the ihopelvic region. 
(B) Lymphocyst is seen after pelvic lymphadenectomy, Collaterals emerge from the lymphocyst. 
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pathways are normally existing and prob- 
ably functioning channels. They do not 
opacify with the present method of lym- 
phographv when the svstem operates at 
normal capacity. 

It is apparent that in lymphographic 
analysis a svstematic approach should be 
based on the following concepts: 


1. The realization that the information 


obtained depends on the properties of 


the contrast medium. 

Knowledge of the normal roentgen 

anatomy with an understanding that 

only a fraction of the vast lymphvas- 
cular system is usually opacified. 

3. The appreciation of the duality of the 
lymphatic apparatus which consists 
of the lymphvascular system and the 
lymphoid tissues. In clinical lymphog- 

raphy, evaluation of lymph channels 
and lymph flow is essential. 


t3 


SUMMARY 


Eight cases showing alteration of lymph 
flow in lymphograms were analyzed. It was 
concluded that the information obtained 
depends on (1) properties of the contrast 
media, (2) understanding of the normal 
roentgen anatomy of the lymphvascular 
system, and (3) appreciation of the duality 
of the lymphatic apparatus which consists 
of the lymphvascular system and the lym- 
phoid tissues. In clinical lymphogr aphy, 
evaluation of lymph channels and lymph 
flow is essential. 


Peter G. Herman, M.D. 
Department of Radiology 
State University of New York 
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A SURVEY OF ITS 





CURRENT STATUS* 


By P. M.D., GEORGE. T. 


PHILADELPHIA, 


T : E current literature reflects an in- 

creasing interest in lymphangiography. 
Since opinions vary widely as to the value 
and place of lymphangiography in patient 
management, it was decided to send a ques- 
tionnaire on this procedure to various in- 
vestigators in order to assemble opinion and 
experience in a significant group of patients. 
The results of this survev representing ex- 
perience with more than 4,000 patients are 
presented below. It is felt that these results 
are of value in offering a guide to those 
whose experience with lymphangiography 
may still be somewhat limited, and to 
acquaint others with the present consensus 
regarding this procedure. 


METHOD 


One hundred and forty-one question- 
naires were sent to investigators in the 
United States, England, France and Swe- 
den. These men had written about or were 
believed to have had experience with lym- 
phangiography. The questions related to 
the present technique, the clinical indica- 


tions, value, and expected accuracy in 
different diseases, and the complications of 


the procedure. As with most questionnaires, 
the answers reflect general impressions 
rather than detailed case analysis. This 
must be borne in mind in evaluating the 
results. 

From 80 questionnaires returned, only 29 
reflected experience with sufficient cases to 
be judged valid for this report. While some 


investigators reported on many hundreds of 


cases, all answers reporting on experience 
with more than 25 cases were accepted. 
The results include experience with 4,260 
patients, 184 being under 18 years of age. 
The questionnaire was divided into three 
parts: (1) technical aspects of the pro- 
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cedure; (2) interpretation of the study; and 
(3) complications of the procedure. 


RESULTS OF THE 
WITH TECH 


QUESTIONS DEALING 
NIQUE 


All investigators who responded to the 
questionnaire are using the method de- 
scribed by Kinmonth e al.’ with various 
technical modifications. Except for the 
Swedish investigators who employ water 
soluble contrast solutions, the majority use 
ethiodol or chlorophylated ethiodol, the 
total dose being 15 to 20 cc. for bilateral leg 
injections in adults. In children no more 
than 1§ cc. per study was used. A few 
European centers prefer lipiodol. 

Many vital dyes are injected intrader- 
mally to stain the lymphatics for identifica- 
tion purposes. The most commonly em- 
Poved was PME Blue. PLE rm were 


aud Bri li dui Blue EDCA "he maxi- 
mum duration of skin staining was 4 
mong uus some inve Mears feel that 
this [e not for use, as of 
this writing, bv the Food and Drug Admin- 
Istration. 

Most investigators use an automatic in- 
jector taking from 15 minutes to 4 hours 
for the injection. The ideal speed of injec- 
tion appears to be 45 minutes to go minutes. 
Others find the manual screw or weight- 
injector satisfactory. After evaluation of 
some of the automatic injectors, we feel 
that the most desirable are those designed 
with a safety pressure gauge behind a 
syringe, in such a manner that the syringe 
can be connected directly to the plastic 
injector tube, thus avoiding certain sterili- 
zation problems that exist with a type of 
injector that has a fixed metal reservoir 


* From the Department of Radiology of the Philadelphia General Hospital, This work was supported by Grant C-6085 of the Na. 


tional Institutes of Health. 
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interposed between the syringe and tube 
E 1). 


in sie เศ อ ร of the f feet, a half af the 
investigators had occasional cases in which 
the upper extremity was studied. Only 2 
investigators reported using the procedure 
in head and neck cases. 

Premedication was frequently employed 
by about one half of the investigators. Al- 
though the procedure itself is not particu- 
larly uncomfortable for the patient, the 
premedication is used to allay apprehen- 
sion, 

About half of those reporting perform 
lvmphangiography on an outpatient basis. 
While individual studies vary, lymphangio- 
grams are routinely taken immediately 
after the end of injection, and at 24 hours. 
In very few instances roentgenograms 
were also taken at 48 hours. 

Fourteen of the twentv-nine investiga- 
tors have obtained a second lymphangio- 
gram of the same area. Half of those 
answering this question felt that the repeat 
study 1s somewhat more difficult than the 
original. This is because of the disruption 
of the local lymphatics at the site of injec- 
tion by the first procedure. Thirteen of this 
group felt that repeat studies reliably show 
progression or regression of disease in the 
lymph nodes.’ 
damage to lymph vessels or lymph nodes 
which was attributed to the previous lym- 
phangiography. This emphasizes the ex- 
perience previously reported by our group,’ 
that the oily contrast material does not 
cause permanent damage in the lymphatic 
system. This conclusion was based on ob- 
servations over a period of over 2 years. 





a 


RESULTS OF THE QUESTIONS DEALING 
WITH ACCURACY OF 
INTERPRETATION 


Basic to the interpretation of the lym- 
phangiogram is the problem of how many 
lymph nodes in an area are demonstrated 
by the procedure. This has been studied in 
surgical and autopsy correlation,?? with 
varying opinions expressed. The question 
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No one found evidence of 





injecter Type ii 


Pic. 1, Schematic drawing of the two types of auto- 
matic injectors. In Type 1 a direct connection be- 
tween the syringe and tubing is present. In Type 
11 ล pressure regulation mechanism, which cannot 
be sterilized, is interposed between svringe and 
tubing. (1) Driving motor, (2) transducer of pres- 
sure regulator, (3) syringe, and (4) tubing. 


was therefore asked “What is the number 
of lymph nodes you believe can be opaci- 
fied in the following area?" The following 
answers were received: 





Few Most All De 

answer 
Pe vis l 24 2 2 
Retroperitoneal i 21 4 3 
Thorax (mediastinum) 24 o ว $ 
Axilla 5 12 ๐ jo 


— 


From this table it 1s apparent that most 
investigators feel that they opacify most 
but not all of the lymph nodes in the pelvis, 
retroperitoneal area and axilla. Only very 
few lymph nodes in the mediastinum are 
visualized. 

It has been demonstrated that there are 
certain characteristic patterns of ethiodol 
deposition i in the lymph nodes in lymphoma, 

carcinoma, and in inflammatory and other 
benign diseases." However, while in the 
majority of cases, characteristic patterns 
make roentgen diagnosis of the disease tv pe 
possible, there are not infrequent occasions 
ไท which one pattern may simulate 
another.'? We were interested in the exper- 
ience of others in differentiating not only 
the major classifications of disease, but the 
subgroups within a classification, e.g., 
Hodgkin's disease versus เก ท โอ ona: 
a differential diagnosis that usually can be 
made histologically. The question was 
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therefore asked "Can lymphangiography 
usually distinguish between the following: 
(a) various benign inflammatory diseases; 
(b) types of lymphedema; (c) types of 
lymphoma; and (d) types of carcinoma?" 
The following answers were obtained: 


Yes No No 
answer 
(a) Various benign inflam- 
matory diseases 2 17 10 
(b) Types of lymphedema 20 3 6 
(c) Types of lymphoma 9 16 4 
(d) Types of carcinoma 2 25 2 


From the answers it is apparent that 
most investigators have not found it pos- 
sible to subdivide inflammatory diseases, 
lymphomas, and carcinomas into finer 
classifications. This also 1s our experience. 

In lymphedema specific patterns of 
lymphatic anatomy have been found which 
clarify the underlying pathology. This im- 
portant contribution was confirmed by al- 
most all investigators. For further infor- 
mation, the reader is referred to the cited 
references where this problem is covered in 
great detail.^ ^: 

There is a variation of the accuracy in 
the interpretation of the lymphangiograms 
as published by different investigators. In 
answer to the question "What is your 
estimated accuracy in the interpretation of 
the lymphangiograms in the following dis- 
eases?" these results were obtained: 





Poor Fair Good No 
answer 

Benign disease 

(inflammatory, 

vascular) 2 9 4 14 
Lymphedema 1 6 11 II 
Lymphoma ๐ 2 22 
Carcinoma-early 

(no clinical metastases 

known) 16 7 I Ij 
Carcinoma-advanced ๐ 8 14 


(Poor—less than 60%; fair—6o-80%; good—over 80% ac- 
curacy.) 


P. Ruben Koehler, George T. Wohl and Burton Schaffer 


Jung, 1964 


The answers indicate that most investi- 
gators believe that the diagnostic accuracy 
of lymphangiography -is good in lymph- 
edema and lymphoma. From the question- 
naire it is important to note the consensus 
that the procedure is fairly reliable in ad- 
vanced carcinoma, where clinical evidence 
of metastasis is already present. However, 
there is poor correlation in early metastatic 
disease. 

The answer to the question “What is the 
smallest area of metastatic disease that you 
can reliably detect?" indicated that with 
one exception, all answering (22) felt that 
a focus of at least g-10 mm. in diameter 
was necessary before reliable roentgeno- 
logic detection was possible. This accounts, 
in large part, for the poor accuracy in the 
early detection of carcinomatous lymph 
node metastasis. 

The investigators were asked “What are 
your conclusions when seeing a negative 
lymphangiogram?” Sixteen out of twenty- 
four believed that a negative lymphangio- 
gram in lymphoma indicates that the vis- 
ualized lymph nodes are free of disease. In 
contrast to this, 25 out of 26 felt that a 
negative lymphangiogram in carcinoma did 
not rule out metastatic involvement of the 
visualized lymph nodes. This of course 
emphasizes the limitations of the procedure 
due to the inability. to detect metastatic 
foci less than 5 mm. in diameter. 

A question was then asked regarding the 
possibility of a lymphangiogram to demon- 
strate: (1) unsuspected metastatic lymph 
nodes; (2) clinically suspected lymph nodes; 
and (3) the extent of lymph node involve- 
ment in both lymphoma and carcinoma. 
The following answers were received: 


Lymphoma 


Does a lymphangiogram Sel- Occa- Of- No 
reveal? dom sionally ten answer 


Clinically unsuspected 


node involvement 5 6 14 4 
Clinically suspected 
node involvement ๐ 3 23 3 


The total extent of metas- 
tatic involvement of the 
visualized area 3 3 153 IO 
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Carcinoma 


Does a lymphangiogram Sel- Occa- Of No 
reveal? dom sionally ten answer 

Clinically unsuspected 

node involvement 8 i4 » c 
Clinically suspected 

node involvement l 9 11 8 
The total extent of metas- 

tatic involvement of the 

visualized area 11 fh 4 8 


From these answers, it appears that in 
lymphoma the majority of the investiga- 
tors feel the procedure is reliable in detect- 
ing clinically unsuspected lymph nodes, 
confirming clinically suspected lymph 
nodes, and in demonstrating extent of in- 
volvement. In carcinoma, only occasionally 
are clinically unsuspected lymph nodes 
demonstrated. Where one clinically sus- 
pects metastasis, the results, while still not 
as good as in lymphoma, are improved. In 
this group, metastatic foci are often seen in 
the opinions of 11 investigators, and oc- 
casionally in the opinion of g. There is 
divided opinion regarding the ability of this 
procedure to demonstrate the total extent 
of disease in carcinoma. 


In addition to the role of lymphangiog- 
raphv in diagnosis, considerable attention 
has been given to its value in patient man- 
agement. The following two tabulations 
are guidelines to present thought in this 
respect. 


(a) What is, in your opinion, the value of 
lymphangiography in determining the type 
of therapy that should be used in? 

The answers received are shown in the 
following table: 
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(b) Does a lymphangiogram reveal? 


Sel- Occa- Of No 


dom sionally ten answer 
Lymphoma 
Progression or regres- 
sion of the disease i ; Io 6 
Response to radiation 
or chemotherapy I ๐ 21 ย 
Carcinoma 
Progression or regres- 
sion of the disease 4 E 5 9 
Response to radiation 
or chemotherapy 6 6 5 [2 


Interpreting these tables, it appears that 
the procedure is of great help in treatment 
planning in lymphoma and in following 
progress of such treatment. In carcinoma, 
when positive lymph nodes are present, it 
is helpfulin planning therapy and following 
progress. A negative lymphangiogram 
should not influence the plan of therapy. 


RESULTS OF THE QUESTIONS DEALING 
WITH COMPLICATIONS OF THE 
PROCEDURE 


Many questions were asked regarding 
complications. Since the answers were so 
varied, we abstracted the essential infor- 
mation for presentation. 

Only 1 death was reported to us in 4,260 
procedures, This death will subsequently be 
discussed in detail. 

Wound infection and delayed healing 
occurred in 1-5 per cent of patients. This 
incidence emphasizes the need for strict 
surgical aseptic technique. Patients with 


meee 11 ็ 1+1 3 11111 ั เ ั 0111 ฝ 1 ฝ ฝ ฝ 111111 ็ ึ 1 ใ ็ ไ ึ ว 11 ั 0 ้ 9 ต ฮ ้ ร itti 





Not 
important 
Benign inflammatory disease 16 
Lymphedema 4 
Lymphoma ๐ 
Carcinoma 3 


Should be strongly taken 


Of some 00! 0 LL ; No 
into account in planning | 
value answer 
treatment 
๐ 18 
E 5 9 
7 20 2 
1s 6 5 
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edematous swollen extremities, or with 
impaired circulation, are more susceptible 
to wound infection. 

Occasionally, pain 1s experienced during 
injection. This is related, as a rule, to too 
rapid injection of the contrast medium or 
to the presence of lymphatic obstruction. It 
usually disappears in 2 hours. In no case 
was pain present longer than 48 hours. 

Between $ per cent and Io per cent of 
patients will have low grade fever (up to 
101° F.) for periods extending to 48 hours. 
This fever usually disappears without treat- 
ment. Since fever does not occur with water 
soluble media, it may well be due to a 
foreign body reaction to the injected oil. 

Where blockage of lymphatics was pres- 
ent, extravasation of the opaque medium 
into the adjacent soft tissues was frequent. 
This also occurred with too rapid injection 
of the contrast agent. 

The presence of oil droplets in the lungs 
following injection has been of some con- 
cern to many working with this procedure.! 
While our studies'? demonstrated histologic 
evidence of oil droplets in the lungs in every 
case studied in the immediate postinjection 
period, pulmonary oil embolization was not 
reported by many of those answering this 
questionnaire. This may be because of 
lack of clinical symptoms. We and others! 
believe, however, that oil embolization can 
be demonstrated in the chest roentgeno- 
gram in at least Io per cent of patients 
where this study is made within 24 hours 
of injection. This fine granular pattern seen 
in the chest study usually disappears 
rapidly. 

This pattern is in distinction to true 
pulmonary embolization reported in 16 cases 
in this series. Here, one has the classic 
sequence associated with pulmonary embo- 
lism from other causes. 1? 

Severe bronchopneumonia developed in 
3 children suffering from lymphoma within 
48 hours after lymphangiography. 

Because of the very interesting complica- 
tions of severe pulmonary edema in 2 
young men having had previous pulmonary 
irradiation, their histories are briefly cited. 
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The first patient was a 33 year old male who 
had lymphosarcoma with parenchymal spread 
to both lungs. Approximately 3 weeks prior to 
the study, he received irradiation to both lungs 
amounting to a dose of 1,700 rads. Five hours 
after completion of the injection of 10 cc. of 
ethiodol, he complained of severe shortness of 
breath. In 1 hour he became cyanotic, agitated 
and developed shock and coma. Despite inten- 
sive therapy, he died 2 hours later. A chest 
roentgenogram taken 1 hour before death 
showed bilateral pulmonary edema, but no 
evidence of oil embolization. 

The second patient was a young man with 
similar history of lymphosarcoma and pulmo- 
nary parenchymal infiltration. A dose of 1,700 
rads was given to both lungs several weeks prior 
to the lymphangiography. After the injection, 
he developed clinical symptoms of severe pul- 
monary edema similar to those in the first pa- 
tient. However, in view of the experience with 
the first patient, intensive therapy was immedi- 
ately instituted, and after 12 hours the patient 
recovered. 


Since these are the only 2 cases of pul- 
monary edema reported, it is likely that 
the lung irradiation was directly related to 
the development of this complication. The 
exact mechanism is not known, but it has 
been shown that the reticuloendothelial 
system is responsible for removal of the oil 
reaching the lung, and it is possible that 
the impaired reticuloendothelial system of 
the lung prevents normal oil removal and 
is related to pulmonary edema. 


DISCUSSION AND CONCLUSIONS 


From the answers to the questionnaire, 
it appears that the technique described by 
Kinmonth ef a/.8 with various modifica- 
tions is the standard method. The principal 
application 1s in the study of the pelvic 
and retroperitoneal lymph nodes. How- 
ever, lymphangiography is also used in the 
study of the axillary lymph nodes and in 
determining the status of the lymphatic 
vessels. Oily contrast media are employed 
by most investigators, since these allow 
better and more complete evaluation. 

From the various questions dealing with 
accuracy of interpretation, certain general 
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principles become immediately evident. 
Few radiologists find much application for 
the procedure in inflammatory diseases. 
It has proven of great value in determining 
the underlying pathology in lymphedema. 
In lymphoma, it has been found to be an 
accurate diagnostic method. It reflects the 
true status of the visualized lymph nodes, 
and is helpful in both treatment planning 
and in following the course of the disease. 

In carcinoma, its use has been limited by 
our inability to detect metastatic foci less 
than § mm. in diameter, or lymph nodes 
completely replaced with tumor. Only 
occasionally will a lymphangiogram demon- 
strate a clinically unsuspected metastatic 
focus. Thus, while a positive study may be 
helpful, a negative study is of little value 
for either diagnosis or treatment planning. 
Many surgeons find the technique useful 
in outhning lymph nodes in conjunction 
with radical surgical procedures. 

Only few serious complications were en- 
countered. These are pulmonary embolism, 
encountered in 16 patients, and pulmonary 
edema, seen in 2 patients with a history of 
lung irradiation in the recent pre-injection 
period. Minor complications were occasional 
wound infection, delaved healing, fever and 
pain. 

Lymphangiography is still in the early 
phase of its development. It has revealed 
much basic information of help to the clin- 
iclan, as well as to the physiologist and 
anatomist. New dves and techniques mav 
change significantly the above opinions. We 
would like to again stress the general nature 
ot these questionnaire answers and encour- 
age further application of the technique in 
appropriate patients. 


SUMMARY 


The results of a questionnaire regarding 
the technique, accuracy of interpretation, 
and complications of lymphangiography in 
over 4,000 patients have been presented. 
These results offer a guide to current 
thought regarding the place of lymphangi- 
ography in disease management. 
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AN ANALYSIS OF SOME ANATOMIC-ROENTGENO- 
LOGIC ASPECTS OF THE BRACHIOCEPHALIC 
VESSELS* 


By MORTON A. BOSNIAK, M.D. 


NEW YORK, NEW YORK 





URIN 


G the past few years there has 

been an increased interest in the study 
of the brachiocephalic vessels. This was 
stimulated mainly because of the necessity 
to perform total brachiocephalic arteriog- 
raphv in the study of patients with cerebro- 
vascular insufficiency before แท accurate 
diagnosis can be made and definitive ther- 
apy undertaken. The radiologist 1s now 
asked with increasing frequency for an 
evaluation of these vessels. À clear knowl- 
edge of the anatomv of the aortic arch and 
its branches, the incidence and tvpes of 
common anomalies of the arch, variations 
in vessel size, and the effect of age on these 
vessels is imperative for the proper per- 
formance of the study and the evaluation 
of each case. 

Although much work has been done on 
the above mentioned aspects using ana- 
tomic and autopsy specimens, little has 
been written using roentgenologic material. 
An analysis of some anatomic-roentgenolo- 
gic findings of the first 100 consecutive total 
brachiocephalic arteriographies performed 
over the past 2 years at the Montefiore 
Hospital forms the basis of this report. 


MATERIAL AND METHODS 

During this period, over 150 arch aorto- 
grams have been obtained with com- 
plete visualization of all of the brachio- 
cephalic vessels. An analysis of the first 100 
cases in the series was made to evaluate the 
incidence and types of common anomalies 
of the branches of the aortic arch, the 
effect of age and blood pressure on these 
branches, and a comparison of vertebral 
artery size. In a few instances, a case was 


excluded from the series because of severe 
occlusive disease which would attect the 
anatomic evaluation of some of the vessels. 
When this occurred, the next consecutive 
case in the series was included to bring the 
total to 100. Seven cases were excluded tor 
this reason. 

Thestudies were done using the Seldinger 
technique of percutaneous arteriography." 
The catheter was passed into the ascending 


of 75 per cent hypaque (go per cent hv- 
paque in the later cases) was made. Rapid 
serial roentgenography with the Schön- 
ander apparatus was utilized. Two injec- 
tions were generally performed. One series 
of roentgenograms was obtained of the 
aortic arch and its branches with the 
patient in the 45 degree right posterior 
oblique position. The second series of 
roentgenograms was taken over the skull 
with biplane filming in a Towne and lateral 
projection to include as much of the neck as 
possible. 

The transfemoral approach was em- 
ployed in 81 of the first 100 cases and the 
transbrachial approach in 19 (12 on the left 
and 7 on the right). In the transtemoral ap- 
proach, a Kifa-Odman yellow catheter was 
used in the early cases until the gray Kifa- 
Odman catheter became available. In the 
transbrachial approach, a PE 205 or PE 
240 polvethylene catheter was used. Gen- 
erally, this method was emploved only 
when there was an indication of significant 
peripheral vascular disease in the legs or 
the catheter could not be advanced through 
tortuous iliac vessels. At present, the trans- 
axillary approach is employed instead of 


* From the Division of Diagnostic Radiology, Montefiore Hospital, New York, New York, 
Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 
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16% 





6% 


Brachiocephalic Vessels 






TYPICAL ARCH 





8% 





1% 


Fic. 1. The most common variations of the branches of the aortic arch with their 
incidence in the present series. 


the brachial approach. There were no 
deaths or serious complications in this series 
ot cases. 


COMMON ANOMALIES OF BRANCHES 
FROM THE AORTIC ARCH 


The usual configuration of 3 branches 
from the aortic arch is found in 60 to 80 per 
cent of the population, 559213202 depend- 
ing on the racial distribution of the case 
material. However, as few as 1 branch and 
as many as 6 vessels arising independently 
from the arch of the aorta have been de- 
scribed.* The common anomalies are shown 
in Figure r. In this series, the most common 
variation was the close association of the 
origins of the innominate and left common 
carotid arteries. In 16 patients these 2 
vessels were intimately associated, with the 
left common carotid artery apparently 
arising at the junction of the innominate 


patients, the left common carotid artery 
originated entirely from the innominate 
artery so that this vessel could be con- 


sidered a common trunk (Fig. 2.7). This 
latter configuration is the “prevailing 
mammalian arrangement of aortic stems" 
(De Garis ef a/.”). The second most com- 
mon anomaly, being noted in 6 per cent of 
the cases, was the origination of the left 
vertebral artery directly from the aortic 
arch. This vessel always arises between the 
origins of the left common carotid and left 
subclavian arteries (Fig. 3). Lastly, 1 
case of aberrant right subclavian artery 
was seen (Fig. 4, J and B). A second case of 
this anomaly was seen later in the series 
(Fig. ©) with a slightly different arrange- 
ment of the common carotid arteries. Only 
1 case in the series showed more than 1 
anomaly of the arch—a common carotid 
trunk as well as an aberrant right sub- 
clavian artery (Fig. 4.7). 

The incidence and tvpes of anomalies 
presented in this series are similar to the 
findings of most other American studies 
(case material including both Negro and 





ks 


white patients) (Table 1). De Garis e£ a/.,° 


their Negro and white case material sepa- 
rately and noted considerable variations be- 
tween aortic arch patterns in Negro and 
white patients (Table 1). The frequent 


finding of a common origin of the innomi- 


nate and left common carotid arteries in 
Negroes was reported in both series (more 
than 35 per cent). Apparently, the varia- 
tion in the findings of the various studies 1s 
due to the varving number of Negroes and 
whites in the case material (Table 1). The 
incidence and types of other aortic arch 
variations were found to be essentially 
equal in both races.?! 

It is important for those performing 
arteriography to know these variations in 
the branches of the aortic arch. Selective 
catheterization of the left common carotid 
artery when it 1s associated with the innom- 
inate artery can be quite difficult and in 
most cases impossible. That this variation 
occurs 1n as high as 20 to 30 per cent of the 
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population indicates the frequency with 
which such a problem may occur. This 
association of the two carotid arteries at 
their origin explains why visualization of 
the left common carotid occasionally occurs 
when a study of the right-sided brachio- 
cephalic vessels is made by using a right 
retrograde noncatheter brachial injection. 
scott ef af." report that this occurred in 20 
per cent of their cases, corresponding, 
therefore, to the above mentioned figures 
concerning the anatomic association of the 
carotid arteries at their origins. 

It must be remembered by those inter- 
ested in studving the left vertebral artery 
via the lett subclavian artery catheteriza- 
tion technique or via retrograde noncathe- 
ter pressure injection in the left brachtal 
artery that nonvisualization of the left 
vertebral artery at its usual place in the 
subclavian does not necessarily mean that 
the vessel is absent or occluded. It can 





lic. 2. Roentgenograms showing innominate left common carotid artery variations. (4) Left common 
carotid arises entirely from innominate artery. (B) Left common carotid arises from the junction of the 
innominate artery and aorta, 
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originate directly from the aortic arch, in 
which case it would not be visualized by 
these methods. In Table 1, the frequency of 
the left vertebral artery origination from 
the aortic arch as found in various series is 
also shown. 


COMPARATIVE SIZE OF THE 
VERTEBRAL ARTERIES 


Total brachiocephalic arteriograms per- 
mitted an accurate comparison of the size 
of the vertebral arteries. The frontal view 
was used when taking the measurements 
and the vertebral arteries were measured at 
the level of Cs. There are many autopsy 





Fic. 4. Aberrant right subclavian artery. (4) Aber- 
studies concerning vertebral artery rant vessel (arrow) courses behind other branches 
size; 11? however, measurement of the and then gives off right vertebral artery in a nor- 
lumen of these vessels as determined bv mal position. Note common trunk of right and left 


common carotid arteries. (B) Note characteristic 
impression on the posterior surface of the barium 
filled esophagus caused by this anomalous vessel. 


arteriography is perhaps somewhat more 
meaningful (Table 11). In 45 cases of the 
present series, the size of the vertebral 
arteries was equal or very near equal (not 


more than o.; mm. difference in lumen 
diameter) so that flow of contrast medium 
appeared essentially to be the same. There 
was considerable variation 1n the "normal" 


vertebral arterv size but the lumen of most 





Fic. 4, Aberrant right subclavian artery. l'our 
lic. 3. Left vertebral artery originates directly separate vessels are seen originating from the 
ne E: (an pi = 5 


from aortic arch (arrow). aortic arch. 
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INCIDENCE OF THE COMMON VARIATIONS OF BRANCHES OF THE AORTIC ARCH 
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* Consolidation of some arch patterns performed to conform with this general classification. 
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COMPARATIVE SIZE OF VERTEBRAL ARTERIES 
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of these "normal" vessels measured in the 
range of 3 to 5 mm. In 21 cases, the right 


vertebral artery was obviously dominant 
with a difference in vessel lumen size of at 


least 1.0 mm. In 24 cases, the left vertebral 
artery was dominant by the same amount. 
Four cases showed a slightly dominant 
right vertebral artery (0.4 to 1.0 mm. wider 
than on the left) and $ cases showed a 
slightly dominant lett vertebral artery (by 
the same margin). In $ cases, the right 
vertebral artery was hvpoplastic (1.5 mm. 


or less in diameter); in 6 cases the left was 


bral arteries could not be evaluated be- 
cause there was no wav to determine if the 
vessel was congenitallv absent or occluded 
at its origin; this was seen in 3 cases. 

The findings presented in this series of 
cases are in general agreement with other 
surveys in the literature (Table mn). It 
would seem that the left vertebral artery 
tends to be the dominant vessel slightly 
more commonly than the right. In 1 ๐ 
to 15 per cent of cases one vertebral artery 
is hypoplastic. In addition, Neimanis!’ 
noted congenital absence of a vertebral 
artery in 7.2 per cent of 418 cases. In 
view of this, the importance of doing total 
brachiocephalic arteriography when diag- 
nosing and treating cerebrovascular disease 





point out the importance of knowing the 
status of both vertebral arteries prior to 
surgery when operations in which the left 
subclavian artery is to be used and the left 
vertebral artery is to be sacrificed (e.g., 
Blalock operation, surgery for coarctation 
of the aorta) are performed. These authors 
described a case of a voung man who died 
following cardiac surgerv in which the left 
vertebral arterv was ligated. The right 
vertebral artery was hvpoplastic and the 
circle of. Willis was anomalous; therefore, 


EFFECT OF AGE AND BLOOD PRESSURE 
ON THE AORTIC ARCH 
The extent to which uncoiling of the 
aortic arch increased with age and elevation 
of blood pressure was also noted in this 


Brachiocephalic Vessels 





Fic. 6, Hypoplasia of the left vertebral 


artery (arrow) 


series of cases. The position and direction of 
the origin of the left subclavian arterv with 
respect to the arch were utilized as a rough 
guide in evaluating this aortic arch elonga- 
tion. Since there is a normal anatomic 
variation โท the position of origin of this 
vessel? the results cannot be interpreted 
statistically but rather in a general fashion. 

It was clearly noted that in patients of 
the age of "zs and over" the left subclavian 
artery tended to originate from the arch of 
the aorta in an anterior position and usu- 
ally at a slight angle with respect to the top 
of the arch so that a straight catheter, 
passed into the arch through this vessel, 
would invariably course toward the right 
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Under 40 55 and Over 


, Changes of the arch with increasing age, The catheter readily enters the descending aorta in the 
Changes of tl h with g age, TI diee ว 5 ๐ ค 6 — 
£5 and over” arch. 


"under 40" arch and enters the ascending aorta in the "cc 


teen € 





te 








and anteriorly and enter the ascending straight catheter would enter the descend- 
aorta (Fig. 7, and 8.7). Conversely, in those ing aorta via the left subclavian artery 
patients "under 40," the left subclavian (Fig. 7, and 85). Patients in the age group 
artery originated vertically and from the — "40-54" showed considerable variability. 
very top of the arch of the aorta so thata They. usually fell between the above two 











hown. €. 


& 


Vic. ! 7) Sixty-five year old patient. Note anterior position 
of origin of left subclavian artery. (B) Thirty-nine year old patient. Note that left subclavian artery 
arises from top of arch and is relatively perpendicular to arch. 





8. The effect of age on the aortic arch is 
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groups so that one could not be certain from 
the aortogram whether or not a catheter 
passed through the left subclavian artery 
would enter the ascending or descending 
aorta ( Table it). However, patients in the 
"Jo 54 vear age range, with hy pertension 
or evidence of accelerated ar teriosclerosis, 
would inevitably fall in. the "above zz" 
aortic arch pattern (Fig. 9). Prolonged ele- 

vation of blood pressure tends to uncoil the 
aorta considerably so that the most pro- 
nounced "over $35" aortic arch patterns 
were noted in hypertensives. This series in- 
cluded a large number of eh patients. 

The practical importance of these find- 
ings becomes even more obvious in relation 
to catheterization procedures. When cathe- 
terization of the aortic arch is contemplated 
using the femoral approach, the necessarv 


curvature of the end of the catheter can be 
estimated by the patient's age and blood 


pressure. In patients in the vounger age 
group ("under 40"), a straight catheter 
passed up from below will tend to enter the 
left subclavian artery (and left vertebral 
arterv), making the studv of these vessels 
from this approach relatively simple. If the 
catheter tip is to be placed into the ascend- 
ing aorta, a sharp curve must be placed 
near the tip to enable the catheter to make 
the curve and turn into the ascending aorta 
without hooking onto the subclavian ar- 
terv. Converselv, in the older age group, a 
more gentle curve can be utilized because 
the catheter is less likely to enter the left 
subclavian artery. 

In the older age group, a straight cathe- 


Take TH 
EFFECT OF AGE ON AORTIC ARCH 


Let Subclavi ian m 


Na. of 


Age Range Cases | | Asce nd- “ie: MT 
| ing scending: Un- 
| Aorta ๊ Aorta | 5 
$s and over £6 £2 | 2 2 
40-54 POG dq Yu T o dod 
Under4o | 9 | o | 8 | 1 
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Fic. 9. 
demonstrated. Forty vear old female with hyper- 
tension for yo years. Blood pressure at time of 


The effect of increased blood pressure is 


examination was 240, 150 mm. Hg. Note consider- 
able uncoiling of arch tending to "over $$" arch 
pattern. Left subclavian artery is anteriorly placed 
and originates from the arch at approximately a 
45 degree angle. 


ter can be utilized in arch aortography via 
the brachial or axillary approach from the 
left side, as the catheter invariably will 
enter the ascending aorta. We utilize the 
left-sided approach in this group because 
the catheter bvpasses the innominate ar- 
terv. In older patients, it mav be difficult to 
pass a catheter through the innominate ar- 
tery because frequently this vessel is buckled 
and tortuous. It the ascending aorta is to be 
catheterized 1 ท the "under 40" group, the 
right side should be used because the 
catheter tends to go down into the descend- 
ing aorta when done via the left side. To 
enter the aorta in TE Set age 


the left 0 MM 0 If 
desired, a straight catheter can then be 
placed 1 in the descending aorta by inserting 
a wire into the curved catheter that is al- 


ready in the descending aorta, removing the 


curved catheter and then passing the 
Cronqvist? found, in a study of the verte- 
bral artery by the transtemoral approach, 
that he could easily place the catheter into 
the left vertebral artery in patients under 
40 vears of age (g2 per cent) but in less than 
5 ๐ per cent of the patients over the age of 
40. 
Generally, it 15 quite simple to catheter- 
ize the vertebral artery bv the transbrachial 
(or axillarv) approach, particularly in. the 
older age group as the vertebral artery fre- 
quently buckles slightly in its proximal 
portion, This tends to make the mouth of 
this vessel more accessible to a catheter 
passed in such a manner (Fig. 7). Radner" 
found that a catheter passed via the radial 
artery entered the vertebral artery on the 
first try in 7o per cent of his cases. With 
some manipulation, he was able to pass the 
catheter successfully into the vertebral 
artery in the remainder of the cases. 
Radner" and other writers? ^! suggest a 
right-sided approach because of the more 
constant relationship of the right vertebral 
artery to the subclavian artery. Thus, it 
appears that vertebral artery catheteriza- 
tion studies can be more easily done by 
using the femoral approach in the “under 
40" group and the right transbrachial or 
axillary approach in those over this age. 


SUMMARY 


An analysis of some aspects of the roent- 
genologic anatomy, common anomalies, 
vertebral artery size, and effect of age on 
the aortic arch and branches was made of 
100 total brachiocephalic arteriographies. 
A comparison with other series is included. 

The high incidence of the association of 
the origin of the innominate artery and the 
left common carotid artery (24 per cent) 
was confirmed. Origin of the left vertebral 
artery from the aortic arch was noted in 6 
per cent of the patients. A comparison of 
vertebral artery size was also made and a 
slight predominance of the lett vertebral 
artery was noted. 

The importance of these factors along 
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with the effect of changes in the contour of 
the aorta with age and blood pressure is 
discussed as regards catheterization tech- 
niques, 


Montefiore Hospital 
210th Street and Bainbridge Avenue 
New York 67, New York 


The author would like to thank Drs. Irwin 
Fntel and Charles Walkoff for performing some 
of the arterial studies included in this series. 


ADDENDUM 


An analysis of the second 100 total brachiocephalic 
arteriograms in our series revealed anatomic-roent- 
genologic findings that were similar to those de- 
scribed for the initial too cases included in this 


report. 
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CERVICAL ARTERIAL PATHWAYS ASSOCIATED 
WITH BRACHIOCEPHALIC OCCLUSIVE 
DISEASE* 


By MORTON A. BOSNIAK, M.D. 


NEW YORK, NEW YORK 


ID the past few years the roent- 
genographic demonstration of col. 
lateral arterial pathways has been enhanced 
by the increased use of total brachio- 
cephalic arteriography and the more wide- 
spread employment of rapid serial film 
changers. This has enabled the radiologist 


to visualize and evaluate the importance of | 


many collateral arterial pathways not pre- 
viously known or appreciated. One example 
is the recent discovery and demonstration 
of the reversal of blood flow in the vertebral 
artery associated with innominate and 
proximal subclavian artery obstruction 
(“subclavian steal’’).2:5 8.20 A rich collateral 
arterial anastomosis, frequently utilized in 
brachiocephalic occlusive disease, exists in 
the neck which connects the carotid, verte- 
bral and subclavian arteries. These path- 
ways, which have been termed the "cervical 
arterial collateral network" form the basis 
of this report. 

Total brachiocephalic arteriography has 
been performed on more than 150 patients 
at the Montefiore Hospital, New York, 
during the past 2 years. An analysis of some 
aspects of the radiologic anatomy of these 
cases as well as a discussion of techniques 
used in the performance of these studies 
has been reported.* The great majority of 
the studies were done on patients with 
symptoms of cerebrovascular insufficiency 
to evaluate extracranial occlusive disease. 
wm The number and types of collateral 
arterial pathways encountered in occlusive 
disease of the brachiocephalic vessels are 
many. No attempt will be made to discuss 
all of the collateral channels but only the 
more common ones. Of these, collateral 
circulation through the circle of Willis is the 


most important and most frequently en- 
countered collateral pathway in occlusive 
disease of the extracranial cerebral circula- 
tion. Crossover filling via the circle of 
Willis in cases of occlusive disease of an 
internal carotid artery is the most impor- 
tant and frequently observed pathway. In 
these cases, blood flow to the carotid siphon 
on the affected side occurs via the anterior 
communicating artery from the contra- 
lateral carotid artery (Fig. 1, 4 and B; Case 
1) 141627,8? Tn occlusive disease of both verte- 
bral arteries or of the basilar artery, filling 
of the posterior circulation by the internal 
carotid arteries via the posterior com- 
municating vessels of the circle of Willis 
can occur (Fig. 2, 4 and B; Case 11) ,38)14,22,24 
Likewise, in bilateral internal carotid oc- 
clusive disease, filling of the anterior cir- 
culation by the vertebral arteries through 
the posterior communicating arteries is 
occasionally observed (Fig. 3, 4 and B; 
Case r11).5)42239 Occasionally, associated 
with the above pathways but generally in- 
dependent is collateral circulation through 
the external carotid artery to the ipsolateral 
internal carotid (at the siphon) via the 
ophthalmic artery (Fig. 4; Case 1v). 7:11:12,25.22 

The reversal of blood flow in the vetebral 
artery associated with innominate and 
proximal subclavian artery occlusion, i.e., 
the "subclavian steal" has been found to 


‘be another very important and common 


collateral pathway. In most instances the 
contralateral vertebral artery supplies the 
occluded vessel by way of the vertebro- 
basilar junction with retrograde flow down 
the vertebral artery on the involved side.? 

This author has noted the occasional 
occurrence of a group of collateral path- 


* From the Division of Diagnostic Radiology, Montefiore Hospital, New York, New York. 
Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8- 


11, 1963. 
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Fer Arch aortogram shows complete occlusion of right internal carotid artery at its origin 
(arrow). (B) ive left common carotid arteriogram reveals "cross-ov 


vessels by way of anterior communicating artery of circle of Willis. 
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r filling” to right-sided cerebral 














1G. 2. Case m. G7) Arch aortogram reveals complete occlusion of proximal right vertebral artery (arrow) 
and nonvisualization of left vertebral artery. Note, also, narrowing at origin of left internal carotid artery. 
(B) Cerebral portion of study reveals filling of distal basilar artery and posterior circulation entirely by both 
internal carotids via posterior communicating arteries of circle of Willis. No vertebral artery filling is ap- 


parent. 
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Complete occlusion of both internal carotid arteries at their origins (arrows) can be s 
ote large size ot vertebral arteries particularly on the left side. (B) Filling of anterior circulation can be 
seen bv way of the posterior commun 
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cating arteries of the circle of Willis from an enlarged basilar artery., 
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Some filling of both siphons is probably also being supplemented by flow through the ophthalmic arteries, 











Vic. 4. Case rv. CD Lateral and (8) anteroposterior roentgenograms show complete occlusion of the internal 
carotid artery at its origin with filling of the carotid siphon entirely by the external carotid artery via 
anastomosis with the ophthalmic artery about the orbit. 
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Common carotid art. 


Brachiocephalic Occlusive Disease 








1235 
ES 
M 
E 
b 
| | 


Internal carotid art. 
Occipital art. 

Vertebral art. 
Descending cervical art. 


Ascending cervical art. 
Deep cervical art. 


Thyrocervical trunk 
Costocervical trunk 


lic. 5. The "cervical arterial collateral network" which joins the carotid, subclavian 
and vertebral arteries. 


ways that link the carotid, subclavian and 
vertebral arteries. This has been referred 
to as the “cervical arterial collateral net- 
work.” This network utilizes the occipital 
branch of the external carotid artery, the 
muscular branches of the vertebral artery 
and the thyrocervical and costocervical 
trunks of the subclavian artery (Fig. 5). In 
some cases of occlusive disease, flow through 
this network may be the sole or major 
blood supplv. Frequentlv, these channels 
may be used in combination with other 
collateral pathways to supplement blood 
supply. 

These anastomoses are well known to 
most anatomists.579!* With the increased 
use of arteriography and serial roentgen- 
ography, these channels have been roent- 
genographically visualized and this has 
enabled a more complete understanding of 
these pathways anatomically and, more 
important, hemodvnamically. A knowledge 
of the available collateral channels is 
necessary before operative repair of occlu- 
sive disease can. be undertaken. Table 1 
and Figure 6 show that there are 7 possible 
pathways through this network. It can be 
seen that the same pathway can be utilized 


in each direction, e.g., the same pathway is 
used in occlusive disease of the subclavian 
artery (pathwav 1a) as well as in occlusive 
disease of the external carotid artery 
(pathway 2a). In any particular case, 
whether or not thev will become important 
collateral channels depends on the site of 
the obstruction and the condition of the 
other collateral pathways. Some members 
of this group are rather common (1a) while 


others are quite rare (3a, tb). 

In proximal subclavian artery occlusion, 
the reversal of flow in the ipsolateral verte- 
bral artery with supply from the contra- 
lateral vertebral artery (‘subclavian steal") 
would appear to be the easiest and largest 
collateral pathway to be utilized. It is 
already present and requires only a drop in 
pressure in the subclavian artery to reverse 
the flow through the vertebral artery.?? 
However, if for some reason this pathway 
cannot be used (occlusive disease or hypo- 
plasia of either vertebral artery) then path- 
ways 1a or Ic (Table 1; Fig. 6) would be 
utilized, depending on local conditions. 
Pathway ic was recently described by 


pathways of the “subclavian steal." In this 
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type of "steal" pattern, the homolateral 
external carotid artery supplies the sub- 
clavian artery via retrograde flow down the 
vertebral artery. Pathway 1a has also been 
observed in occlusive disease of the prox- 
imal subclavian artery when the vertebral 
artery was found to be occluded (Fig. 7, 
A and B; Case v). When subclavian artery 
occlusion is distal to the origin of the verte- 
bral artery, then pathway 1a through the 


thyrocervical and costocervical trunks may - 


be most important (Fig. 8, 4 and B; 
Case v1). Frequently, this pathway is noted 
supplementing other pathways in subcla- 
vian artery occlusive disease.?:3:15.18 


Morton A. Bosniak 


June, 1964 


Filling of the distal subclavian artery via 
the muscular branches of the vertebral and 
the cervical trunks can also occur as shown 
in pathway 1b. A case of bilateral con- 
genital aplasia of the proximal subclavian 
arteries with associated coarctation of the 
aorta is shown in Figure 9, 4 and B; (Case 
vil) The distal subclavian arteries (and 
upper extremities) were supplied to a great 
extent by large muscular branches of the 
vertebral arteries via the cervical trunks. 
This can be considered a congenital “sub- 
clavian steal” (Fig. 9, C and D; Case vir). 
Other collaterals found in subclavian artery 
occlusive disease are pathways through the 


TABLE I 


THE "CERVICAL ARTERIAL COLLATERAL NETWORK” 


Pathway Occluded Artery Supplying Artery Course of Pathway 











Ia Subclavian External Via occipital artery, descending cervical branch to ascend- 
Carotid ing cervical and deep cervical branches of thyrocervical 
and costocervical trunks, respectively (same anastomosis, 
but opposite direction of flow as 2a) 
ib Subclavian Vertebral Muscular branches of vertebral artery to cervical branches 
of thyrocervical and costocervical trunks (same anasto- 
mosis but opposite direction of flow as.3a) 
Ic Subclavian External Via occipital artery to muscular branches of vertebral 
Carotid artery and retrograde flow down vertebral artery (same 
anastomosis as 2b and 3b except retrograde flow in 
vertebral artery) 
2a Carotid Subclavian Thyrocervical and costocervical trunks via ascending and 
(external, deep cervical to descending cervical branch of occipital 
internal, artery (same anastomosis but opposite direction of flow 
common) to Ia) 
2b Carotid Vertebral Muscular branches of vertebral to muscular branches of 
(external, occipital artery (same anastomosis but opposite direction 
internal, of flow as 10) 
common) 
3a Vertebral Subclavian Thyrocervical and costocervical trunks via ascending and 
deep cervical branches, respectively, to muscular 
branches of vertebral artery (same anastomosis but op- 
posite direction of flow as 1b) 
3b Vertebral External Via occipital artery to muscular branches of vertebral 
Carotid artery and then antegrade flow in vertebral artery (same 


anastomosis but opposite direction of flow as 2b; same 
pathway as 1c except antegrade flow in vertebral artery 
in this pathway) 
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Fic. 6. The 7 possible pathways through the “cervical arterial collateral network" 


Brachiocephalic Occlusive Disease 









^ f Subclavian 


are diagrammed and 


numbered. (Numbers correspond to description in text and Table 1.) 


inferior thyroid. arteries via the thvroid 
circulatory network!^!*!? and collateral 
pathways via the internal mammary and 
intercostal vessels.!!* Frequently collateral 
circulation to the upper extremity is sup- 
plemented by flow through the intercostal 
arteries via the subscapular artery to the 
axillary artery (Fig. 10). 

The ability of the subclavian artery to 
aid in carotid artery occlusive disease is 
demonstrated in pathways 2a and 2b 
(Table 1; Fig. 6; Fig. 11, 4-D, Case vii; 
and Fig. 12, 4-D, Case 1x). In these cases 


filling of the external carotid artery oc- 
curred through different channels of the 
cervical collateral arterial network. Filling 
of the internal carotid artery at its origin in 
occlusive disease of the common carotid 
artery can also occur through these path- 
ways, as shown in a report by Youmans 
and Scarcella.* Likewise, filling of the inter- 
nal carotid artery at the siphon could take 
place through these same pathways by 
supply to the external carotid artery and 
then via the ophthalmic arterv to the 
siphon as seen in Case ix (not well demon- 





(A) Arch aortogram demonstrating 


Fic, 7. Case v. 
complete occlusion of the proximal left subclavian 


artery (arrow). (B) Roentgenogram made 2 
seconds later. Collateral circulation in this case is 
almost entirely through pathway 1a via the thyro- 
cervical trunk (arrow). Another arrow points to 
the opacified left subclavian artery. 

(Fig. 12, 


strated roentgenographically) 


A-D). 

The “2 of pathways 3a and 
3b (Table 1, Fig. 6) in vertebral artery 
occlusive Tu seems quite remote be- 
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cause occlusion of one vertebral artery can, 
in most cases, be supplemented satisfac- 
torily and easily by compensatory hyper- 
trophy of the contralateral vertebral artery 
or via flow through the posterior communi- 
cating arteries in. the circle of. Willis (as 
previously described). However, if in a 
given patient these routes of collateral 
supply to the posterior circulation are not 
available or insufficient (anomalies of the 
circle of Willis have been shown to be com- 
ท า อก) 7 then filling of the distal vertebral 
artery via these pathways in the cervical 
network will become necessary and per- 
haps critical. 

Pathway 3b in which the vertebral 
artery is filled via the external carotid 
artery in occlusive disease of the proximal 
vertebral artery has been demonstrated 
focatpenperan ica by Tatelman.? Rich- 
ter? also reported 2 cases in which this 
pathway was utilized. Other authors have 
described this anastomosis and mention it 
as another possible collateral channel in 
internal carotid artery occlusion. 7 The 
presence of this pathway (3b) as the prin- 
cipal supply to the circle of Willis in the ox 
and horse shows a phylogenetic basis for 
this communication? and an embryologic 
basis is demonstrated in the work of 
Padgett, who noted the occurrence of this 
occipital-vertebral anastomosis in the 4 
mm. embryo. 

It is expected that more and more of 
these less well-known collateral channels 
will be demonstrated as techniques of 
arteriography continue to improve. Collat- 
eral pathways that depend on filling from 
the opposite side (across the midline) via 
branches of the external carotid artery have 
been shown arteriographically in a few 
instances.” The rich thyroid anastomo- 
ses, which connect the subclavian and ex- 
ternal carotid arteries on one side as well as 
these same vessels on the opposite side, will 
probably prove to be another ipe 
supplementary collateral network. Other 
pathways will be discovered and demos 


strated by roentgenography as shown by a 


recently reported case in which an anas- 
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7) Complete occlusion of the left subclavian artery Just distal to origin of left vertebral 
artery (arrow). Note nonvisualization of right vertebral artery. (B) Roentgenogram made 1.75 seconds 
later reveals opacification of left subclavian artery (black arrow) via retrograde filling of thyrocervical and 
costocervical trunks (white arrow) from occipital artery. Some filling via thyroid collaterals is also present. 
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Fic. 9. Case vit. CZ and B) Coarctation of the aorta is demonstrated. Nonvisualization of both subclavian 
is noted. The left vertebral artery originates from the arch of the aorta just above the coarcta- 
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Fic. g. Case vi The catheter was then 
into the right vertebral artery which orig 
directly from the innominate artery, ( 








and (D) lateral roentgenograms reveal huge mus- 
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into the cervical trunks to supply the subclavian 


artery, a congenital "subclavian steal 
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. 10. A pathway which is commonly seen supple- 
menting blood supply to the arm in occlusive dis- 
ease of the subclavian artery is visualized. Filling 
of the axillary artery (arrow) by supply from 
intercostal vess 

demonstrated, 
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d artery at its origin cblack 
ng cervical branch of thyrocervical trunk (white arrow). (5) The catheter 
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arrow}. Note enlarged asc 
was then placed in the lef 

and basilar artery and its branches are well seen. The enlarged ascending cervical branch of the thyro- 
cervical trunk can be seen posteriorly. A few small muscular branche he vertebral artery are noted. (C) 
Opacification of the occipital branch of the external carotid artery by filling from the thyrocervical trunk 
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can be seen (pathway 2a). (D) Opacification of the external carotid artery and its branche 
complete. 
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subclavian artery and a second injection was perform 
bral artery and early filling of the oc 
Note that no definite filling of carotid siphon through the postcommunicat 

is time. (C) Further opacification of external carotid artery via pathway ab. (D 
of external carotid arterv and its branche 
artery anastomoses about the orbit, 
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cipttal branch of the external carotid artery can be 








eclusion of left common carotid artery at its origin is demonstrated on the arch aorto- 
size of left vertebral artery. (5) The catheter was then placed in the proximal left 
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tomosis between the ascending pharvngeal 
artery (a branch of the external carotid 
arterv) and muscular branches of the 
vertebral artery occurred in a case of in- 
ternal carotid artery occlusion.» 

Almost any combination of pathways 
case. The well-known 
EM are "utilized more frequentlv. 
When these pathways are unable to supply 
the demand, แท ง one or multiple pathwavs 

can develop depending on the particular 
anatomv of the individual. 


SUMMARY 


The major collateral pathways associated 
with occlusion of the brachiocephalic 
vessels are reviewed and illustrated. Less 
known collateral arterial pathways which 
join the carotid, vertebral and subclavian 
arteries in occlusive disease of these vessels 
are also discussed. These anastomoses, 
termed the “cervical arterial collateral net- 
work” are described, diagrammed, and 
demonstrated roentgenographically. 


Montefiore Hospital 
21oth Street and Bainbridge Avenue 
New York 67, New York 


The author wishes to acknowledge the artistic 
work of Mr. Stanley R. Waine who prepared the 
drawings and the editorial assistance of Miss 
Ruthann Markowitz. 
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OBSERVATIONS ON RETROGRADE VERTEBRAL 
ARTERY BLOOD FLOW* 


B» R. ETHIER, M.D. 


MONTREAL, QUEBEC 


CCLUSIVE arterial disease, partial or 

complete, involving the innominate, 
carotid and subclavian arteries will pro- 
duce different degrees of disability depend- 
ing upon the establishment. of collateral 
circulation, the degree of stenosis and the 
site of stenosis. Angiographic studies of the 
vessels of the neck and the aorta, using 
different approaches, have shown in living 
subjects both the occlusive lesion and the 
collateral channels, which have developed 
in this disease.? 9? 

When there is partial or complete occlu- 
sion of a subclavian or innominate arterv, 
depriving the ipsilateral arm of its normal 
blood supply, this will be corrected in some 
patients by reversal of blood flow in the 
vertebral arterv on the same side. In these 
patients, the blood will flow upward in the 
opposite vertebral arterv, as it normally 
does, to the vertebrobasilar junction and 
then will How downward in the ipsilateral 
vertebral artery to the subclavian artery 
bevond the occlusion, restoring the blood 
supply to that arm. The occlusive lesion is 
by passed," In doing so, however, some 
blood is diverted from the basilar circula- 
tion and from the cerebral circulation in 
general. For this reason, the first manifesta- 
tion of a subclavian or innominate artery 
lesion may be a tr; insient cerebral ischemic 
attack or even a major stroke% In some 
of these patients, the vertebral system is 
the main collateral trunk to the arm. In 
others, many arteries participate in estab- 
lishing a quite intensive collateral circula- 
tion, such as: the thyrocervical trunk 
through the inferior thy roid arteries, the 
costocervical trunk through the deep as- 
cending cervical arteries, the intercostal 
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arterles and the external carotid arter- 
les, b: 19.18 

In the last 3 vears, we have had the 
opportunity to examine 4 patients in whom 
retrograde vertebral blood flow was ob- 
served on the same side as a subclavian 
or innominate artery occlusive lesion. 


METHOD 


The study of the aorta and its brachio- 
cephalic branches in our department is 
carried out by percutaneous catheteriza- 
tion of either the axillarv,*?* or femoral 
arterv,. ** The injection of opaque me- 
dium is done first in the ascending part of 
the aorta. Roentgenograms include the 
transverse part of the aortic arch and its 
branches up to the base of the skull. Fast 
film changers are used, permitting sequen- 
tial analysis of the opacified blood flow. 
After the roentgenograms are inspected, 
the aortic catheter is passed into the artery 
or arteries of greatest interest for more 
detailed study. This technique,” we feel, is 
the most physiologic one, since the opaci- 
hed blood will flow in the brachiocephalic 
trunk, the left common carotid and the left 
ง ที arteries in the same fashion it 
normally flows. 


REPORT OF CASES 


Case 1. W.S., a 41 year old white male, was 
admitted to the hospital complaining of inter- 
mittent episodes of headache, weakness of the 
legs and dyspnea of 3 years’ duration. The at- 

tacks consisted of str ange sensations in the pos- 
terior part of the neck on the right side, radiat- 
ing to the right frontal region and behind the 
right eye with concomitant blurring of vision 
of the right eve. Each episode lasted approxi- 
mately 2 hours. These attacks occurred every 
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second or third day over a period of 1 vear, At 
times, there were as many as 3 per day but dur- 
ing the Jast 6 months they had been gradually 
diminishing. ไท addition, the patient com- 
plained of sharp right anterior thoracic. pain 
ls ating to the right arm and hand of over 1 
vear s s duration. 
Ph iysical examination revealed the right bra- 

chial and radial pulses to be reduced and a 
bruit could be heard over the right sterno- 
clavicular junction, in the right supraclavicular 
area and at the carotid bifurcation on the same 
side. The blood pressure in the right arm was 
126/100 and in the left arm was 156/106. 
Ww hile in the hospital, the patient had no at- 
tacks but he es: of weakness of his legs 
on arising in the morning. 


Trans femoral arch aortographv was carried 
5 j 5 


out. After viewing the roentgenograms, the 
catheter was inserted into the left vertebral ar- 


19654 


tery and left vertebral angiography was per- 
formed. The latter examination showed rapid 
retrograde filling of the DEDE vertebral artery. 
In addition, it s showed a f airly severe stenosis of 
the right DNE arterv at its origin, Despite 
this fact, there was some 1 0 of the 
nght subclavian artery (Fig. 1, 4 and B). The 


Rane 


arch aortogram also owe! reversal of blood 
Bow in the right vertebral artery thought to be 


due to narrowing of the right subclavian artery 
opposite the origin of the right vertebral ar- 
tery. Attempts were made to obtain better 
visualization of the innominate artery through 
selective catheterization but unfortunately this 
vas ท There เล ร also a mild degree of 
stenosis of the right internal carotid artery at its 
origin (Fig. 3, 4 and B. 
At operation, atherosclerotic plaques were 
found at ' ug shit vertebrosubclavian junction 
while explor ation of the proximal parts of the 





Fic. 1. Case 1. 


Transfemoral left vertebral angiograms. 


dium is injected in the left ver- 


tebral artery. The immediate roentgenogram shows rapid reversal of blood flaw down the right vertebral 


C4) The opaque n 
j pad 


artery, (B) Opacifed blood can be s een in the right subclavian artery 13 seconds later, Twhile more opaci- 
fied b leeds is seen in the right vertebr: l artery. Note the stenotic lesion at the orn of the right vertebral 


artery (arrow), 
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Vic. 2. Case 1. Transfemoral arch aortograms. 7) Reversal of blood flow is seen in the upper part of the right 
vertebral artery (arrow). (B) The opacified blood in the right vertebral artery can be traced down as far as 
C7. Minor irregularities of the superior wall of the right subclavian artery opposite the subclavian-verte- 
bral junction and mild stenosis of the proximal segment of the right internal carotid artery secondary to 
atherosclerosis (arrow) are demonstrated, 


subclavian as well as of the innominate artery 
revealed no gross lesion. On the second post- 
operative dav, the patient developed occlusion 
of the right subclavian artery. The pulse in the 
right arm became extremely weak and no blood 
pressure could be recorded. However, no signs 
of cerebral insufficiency or brachial insufficiency 
developed; therefore, no further operation was 
performed. Anticoagulant therapy was insti- 
tuted. A year after operation, the patient is still 
under anticoagulant therapy and has no neuro- 
logic complaints. 


Case rr. B.C., a §1 year old white male, was 
admitted to the hospital with a history of a 
severe attack of dizziness, vertigo, and vomit- 
ing, lasting for about 24 hours. This acute epi- 
sode happened while the patient was chopping 


wood, using his right arm. After the acute epi- 
sode, the patient remained free of any neuro- 
logic symptoms for 1 year when he had a sud- 
den onset of focal motor seizures, involving the 
left arm and face followed by weakness of the 
left hand. 

Physical examination revealed weak right 
radial and brachial pulses. The blood pressure 
in the right arm was 108/70, while it was 
130/80 in the left arm. Mild hyper-reflexia in 


the left arm and leg was noted, as well as a 
cortical tvpe of sensory loss over the left side of 


the bodv. 

Transfemoral arch aortography was carried 
out and revealed complete occlusion of the 
proximal segment of the right subclavian ar- 
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tery. Opacified blood was seen passing down the 
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11. ransfemoral arch aorto- 
1) Complete occlusion of the right 
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grams. t 


subclavian artery is seen (arrow). Inciden- 


tally, the left common carotid artery is tak- 


ing its origin. from the innominate artery, 





ote the large right intercostal arteries and 

the left thyrocervical trunk. Reversal of 

blood flow in the right inferior thyroid artery 

through anastomoses with the left inf 

thyroid artery and some reversal of blood 
goce 
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ft inferior 
Bow down the right deep ascending cervical 
artery are demonstrated. (5) The 1 second 
roentgenogram shows extensive filling of the 
collateral channels. (C) At 2 seconds, re- 
versal of blood flow in the right vertebral 
artery and filling of the right subclavian 
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arterv distal to the occlusion are visualized. 
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right vertebral artery and the right subclavian 
artery distal to the lesion on the late roentgeno- 
grams. In addition, extensive collateral circula- 
tion other than the vertebral circulation. had 
appeared. The right intercostal arteries. were 
much larger than the left. There was reversal of 
blood flow in the deep ascending cervical artery, 
as well as in the branches of the thyrocervical 
trunk on the right side. These latter vessels 
were seen to fill from the corresponding branch 
on the left side, namely, the inferior thyroid 
artery (Fig. 3, 4, B and C). 

An incidental finding was the left common 
carotid artery taking origin from the innomi- 
nate artery rather than from the aortic arch 
itself, 

Following this, selective catheterization of 
the right common carotid artery was performed 
and the right carotid angiogram showed an 
avascular area, most likely a cerebral infarct in 
the right parietal lobe. Good filling of the right 
posterior cerebral artery from the internal carot- 
id artery was obtained suggesting active par- 
ticipation of the carotid system in the posterior 
part of the circle of Willis. The occipital artery 
on the right side was well developed and showed 
multiple anastomoses with the deep ascending 
cervical artery (Fig. 4). 

Although surgical treatment was considered, 
it was not applied. The patient has remained 
apparently asymptomatic since his admission 
almost a year ago, except for a second seizure 
involving the left side of his body. 


Case ni R.L, a $5 year old white female, 
was admitted to the Montreal Neurological 
Institute after sudden onset of paralysis of the 
left arm which progressed to involve the whole 
left side of the body. This was associated with 
a sudden blurring of vision of the right eve, 
which lasted approximately 1 minute. There 
was no pulse in the right arm during this acute 
episode and no blood pressure could be re- 
corded. Shortly after her admission, the blood 
pressure in the right arm was 80/60 and it was 
1 30/80 in the left arm. A bruit could be heard 
over the right supraclavicular area as well as 
over the bifurcation of the left carotid artery. 
Before the acute episode, the patient had had 
attacks of blanching of the fingers of the right 
hand which were unrelated to cold. 'This was 
associated with a dull ache in the right elbow. 
Normal blood pressure in the right arm was said 
to be present then. 

Transfemoral arch aortography was carried 
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Fic. 4. Case mm. Transfemoral right carotid angio- 
gram showing an avascular area in the right 
parietal lobe (arrows), thought to be an infarct. 





Note the active participation of the carotid system 
in the posterior part of the circle of Willis. Well 
developed anastomoses between the occipital 
branches of the external carotid artery and the 
deep ascending cervical artery in which the blood 
is seen to flow in a retrograde fashion are demon- 
strated. 


out and showed complete occlusion of the in- 
nominate artery extending up to the first seg- 
ment of the right subclavian artery. Conse- 
quently, the right common carotid artery was 
not visualized. Opacified blood was seen to flow 
down the right vertebral artery, Subsequentlv, 
there was moderately good opacification of the 
right subclavian artery. There was, in addition, 
some suggestion of retrograde filling of the deep 
ascending cervical artery on the right side 
probably through anastomosis between the ex- 
ternal carotid arteries (Fig. 5, 4, B and C). 

During the procedure, the patient developed 
ardiac arrest which was treated by extra- 
thoracic massage and the external defibrillator. 
For this reason, no surgical treatment was at- 
tempted. 


Case iv. L.A., a 43 year old white male, had 
a 7 vear historv of periodic attacks of sudden 
vertigo lasting for approximately 10 minutes. 
These attacks, which occurred every 6 or 7 
months, were associated with a feeling of weak- 
ness and dizziness as well as perspiration and 
nausea, Shortly before admission, he had a simi- 
lar acute episode with loss of consciousness. 

He had ataxia of the left hand and left leg, as 
well as sensory disturbances of the left leg, 
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bic. ©. Case ur. Transtemoral arch aorto- 


grams, G7; Complete occlusion of the 
innominate artery is seen. Consequently, 


there is no opacification of either the 
right subclavian or common carotid arter- 
ies. Mild stenosis at the origin of the left 
subclavian and vertebral arteries is 
visualized, (5) One-half second later 
retrograde filling of the right vertebral 
artery is seen. (C) Two seconds later 
opacification of the right subclavian artery 
proximal and distal to the origin of the 
right vertebral artery is demonstrated. 
There is poor development of accessory 
collateral circulation. Minimal reversal of 
blood fow in the deep ascending cervical 


artery on the right side is seen. 


PAS LE 
JusE, 


1954 
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Fic. 6. Case tv. Transfemoral arch 
artery (arrow), both subc 


RO tog rams. 
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(4) Stenotic lesions are seen at the origin of the innominate 
lavian arteries (arrow s) and both internal carotid arteries. There is no opacifica- 


tion of the left vertebral artery. (B) Reversal of blood flow in the left vertebral artery and reopacification 
of the left subclavian artery distal to the origin of the vertebral artery are demonstrated. No collateral cir- 
culation other than the vertebrobasilar svstem is visible. 


The 


‘ght arm 


hand, tongue and face and dvsarthria. 
blood pressure was 116/30 in the : 
and 85/66 in the left arm. 

A transfemoral arch  aortog showed 
stenotic lesions involving TA mee of the in- 
nominate arterv as well as the origin of both 
subclavian arteries and of both internal carotid 
arteries, The left vertebral artery was seen to 
fll from above downwards, contributing to the 
blood supply of the left arm as shown bv the 
faint opacification of the left subclavian artery 
(Fig. 6, ร ์ and B). In this patient, no collateral 
circulation other than the vertebrobasilar SYS- 
tem was visible. 


DISCUSSION 
Atherosclerosis is a multifocal disease 
and it is difficult to predict in any one pa- 


tient its extent." The clinical picture will 
vary remarkably from one patient to an- 


other depending upon the multiplicitv of 


the lesions, the severity of the lesions, and 
the development of collateral circulation, ? 


Theretore, it is difficult to predict on clin- 
ical grounds which of the aortic vessels is 
responsib le for the clinical picture in cere- 
brovascular disease. For this reason, it is 
essential to visualize the aortic ah and 
the whole length of its branches by an 
injection into the arch itself. Anomalies of 
the aortic arch will be demonstrated readily 
which otherwise can be missed and there- 
fore misinterpreted. The relative rate of 
blood flow in the neck vessels can be ap- 
preciated in terms of relative speed and 
relative density of opacified blood. 


Reivich and co-authors? have clearly 
demonstrated the effects of reversal of 


blood flow in the vertebral arteries associ- 
ated with stenosis or obstruction of the 
subclavian arteries. According to their 
canine experiments, obstruction of the left 
subclavian artery was diverting up to 4! 
per cent of the total cerebral blood flow. 
However, in cases where partial rather than 


complete occlusion of the subclavian arter- 
ies is present, the reduction in cerebral 
patients where extensive collateral circula- 
tion has developed (such as in Case n) so 
that the blood supplv to the arm comes 
only partially from the vertebral system, 
the detracting effects on the cerebral cir- 
culation are less pronounced. Contrasting 
with the cerebral ischemia which might be 
quite severe in those patients, the ischemia 
in the affected arm seems to be relatively 
mild, although the blood pressure difference 
between the two arms 1s sometimes quite 
marked. Àn interesting feature is that the 
cerebral ischemic attack can be precipitated 
by exercise of the affected arm as in the 
second case of our present series. 

More cases of this condition are begin- 
ning to appear in the medical hterature.” 
This is probably due to the fact that blood 
pressure and radial pulses are now recorded 
in both arms in patients showing signs of 
cerebral ischemia. This should become a 
standard procedure in every patient pre- 
senting cerebrovascular manifestations. 

Early recognition of this syndrome, 
called by some investigators the "subclav- 
ian steal” and by others the "brachial- 
basilar insufficiency syndrome," before 
permanent cerebral damage occurs ts of the 
utmost importance, 3 
tive measures are applied earlv, thev are 
most likely to be beneficial" 

SUMMARY 

Occlusive disease, partial or complete, 
involving the proximal segment of the sub- 
clavian arteries or innominate artery, is 
counteracted by the development of a 
collateral circulation in which retrograde 
vertebral artery blood flow plays a major 
role. If the vertebral arteries alone are 
responsible for maintaining an adequate 


innominate or subclavian lesion, the effects 
on the cerebral circulation mav be highly 
detrimental. These effects will vary from 
patient to patient depending upon the 
degree of stenosis of the brachiocephalic 
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vessels and the general condition of the 
other neck vessels. The development of an 
extensive collateral circulation other than 
the vertebral system 1s apt to reduce the 
diversion of blood from the cerebral circula- 
tion. 

Department of Radiology 

Montreal Neurological Institute 

Montreal, Quebec, Canada 


ADDENDUM 


Since the completion of this article, we 
have had the opportunity to carry out 
transaxillary aortography in a patient who 
had a sudden onset of hemiplegia on the 
left side associated with decreased blood 
pressure and pulse volume in the left arm. 

This examination and right carotid 
angiographv done immediately. atter with 
the same catheter showed that most of the 
blood to the brain was carried by the right 
carotid svstem. There were severe stenotic 
lesions involving both subclavian arteries 
at their origin as well as the left common 
carotid artery at its origin. Reversal of 
blood flow was present in the left vertebral 
artery as well as in the basilar artery. In 
addition, on successive roentgenograms 
blood was seen to flow in both directions, 
in the upper part of the right vertebral 
artery and in the subarachnoid segment of 
the left internal carotid artery. 

It seems that many aspects of the dy- 
namics of blood flow in the neck vessels re- 
main to be appreciated. From a roentgeno- 
logic standpoint, the combined use of 
catheterization of the aortic arch and 
cineangiography will probably help to de- 
termine some of the practical aspects.” 
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SUBCLAVIAN STEAL SYNDROME 
PITFALLS IN ITS DIAGNOSIS 


By J. L. CURRY, M.D., and W. J. HOWLAND, M.D. 


WHEELING, WEST VIRGINIA 


[HE astute observations and investiga- 
tions of Reivich and his co-workers? in 
1961 clearly established the presence of a 
new syndrome to which the term “sub- 
clavian steal” was applied by medical edi- 
torialists in the New England Journal of 
Medicine. The recognition of this new 
entity has aroused widespread interest and 
many new cases are now being reported in 
current medical literature. ?^ This may 
prove to be one of the most important causes 
of cerebral arterial insufficiency amenable 
to surgical relief. 

It is the purpose of this communication 
to indicate that overzealous efforts to 
identify this newly recognized entity may 
have resulted in the reporting of some cases 
which are not true subclavian steals. Re- 
cent experiences convince us that this 
diagnosis can be made erroneously. In our 
opinton, this is particularly true when the 
entity is established by roentgenologic 
studies limited to a unilateral retrograde 
brachial arterial study. 

It is our belief that the diagnosis is 
particularly subject to error unless arch 
aortography or contralateral retrograde 
brachial arteriography is performed. The 
following case briefly illustrates this point. 


REPORT OF A CASE 


Case 1. A 71 year old white female was hos- 
pitalized 1 week after onset of coma. Right 
retrograde brachial arteriography was per- 
formed (Fig. 1, 4, B and C). Routine brachio- 
cephalic studies showed delayed filling of the 
left vertebral and subclavian arteries, but at the 
same time considerable residual opaque me- 
dium in the distal aortic arch. Occlusive nar- 
rowing of the left subclavian artery was also 
suspected on delayed roentgenograms, and a 
diagnosis of “subclavian steal’ was considered. 
Since the proximal left subclavian artery was 
incompletely visualized, it was difficult to de- 
termine whether the left vertebral filling was 


antegrade or retrograde. Serial 4 second roent- 
genograms in this case did not clarify the prob- 
lem. 

The patient expired 4 days later, and post- 
mortem arch aortography was performed 
using a simplification of the method described 
by Stein and Svare.* The aortic arch was di- 
vided at its origin and ligated just distal to the 
left subclavian artery. Following gentle irriga- 
tion with saline, the aortic stump was closed 
and an aqueous mixture of sodium iodide and 
corn syrup was injected until the arch and 
brachiocephalic trunks were slightly distended. 
Figure 1D shows antegrade filling of the left 
vertebral artery with only moderate sclerotic 
narrowing of the proximal left subclavian ar- 
tery. 


Roentgenograms are shown of 2 other 
cases (Fig. 2, 4 and B; and 3, 4 and B; 
Case 11 and 111) simply to emphasize the 
value of arch aortography in the thorough 
evaluation of the subclavian steal syn- 
drome. In Case 1, symptoms of right 
brachial claudication and syncope were 
promptly relieved following endarterec- 
tomy. In Case m, the patient's age and 
extremely poor clinical status precluded 
any likelihood of relief from surgery. We 
have found only 2 other instances of com- 
mon carotid occlusion reported to be associ- 
ated with the subclavian steal syndrome; 
but since many of the reports are based on 
unilateral retrograde brachial studies, the 
true incidence 1s not known. 


SUMMARY AND CONCLUSIONS 


1. Many recent case reports in the litera- 
ture establish a diagnosis of “subclavian 
steal" based on what is apparently uni- 
lateral retrograde brachial arteriography. 
Under such circumstances, serial roent- 
genograms do not always indicate whether 
delayed contralateral vertebral filling is 
antegrade or retrograde. 
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vian steal. Right brachial arteriography was performed for 
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ssure in right arm 140/770; in left arm 140/70. G4) 
ht 


Fic. r. Case 1. Erroneously diagnosed left ร น ไจ ร 01: 
evaluation of a 71 year old comatose female. Blood pr 
One second after injection of 30 ml. of so per cent diatrizoate sodium (hypaque) into cannulated rig 

brachial artery with pressure of £24 lb. sq. in. (3 second interval roentgenograms). karly normal fill of 
right brachiocephalic arteries is shown with a small "put" of opaque material entering the aortic arch. (5) 
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One second after A, the distal aortic arch is well filled showing all major brachiocephalic arterial trunks 

apt the distal left subclavian and vertebral, Only the proximal left subclavian artery is filled with evidence 
One 

ization of the left subclavian and vertebral arteries with persistent considerable opaque medium in the 


aorta, (D) Postmortem arch aortogram clearly establishing patency of a sclerotic left innominate artery 
with free antegrade filling of the left vertebral artery. 
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second after B, showing delaved visual- 
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sting a stenotic occlusion just above the aortic arch. (C. 
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< 
Fic. 2. Case 11. Right-sided subclavian steal. Arch 


จ 


aortogray performed for evaluation of right arm 
S udin en ees with vertigo and syncope 
(st year old male). Blood pressure in right arm 
100/70; in left arm ‘10g. G4) One-half second 
after injection of 3 ml. of sodium iothalamate 8o 
per cent (angio-conray) through catheter intro- 
duced in the femoral artery percutaneous ilv, 
Cordis pressure in!ector-—£0oo Ib./sq. in. A sharply 
defined in complete occlusion of the proximal night 
subclavian artery is shown. (8) Roentgenogram 
made 24 seconds after A showing delayed visuali- 
zation of the right. vertebral artery. Intervening 
serial roentgenograms supported left retrograde 
vertebral How. 
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Our observations, recorded in this 
communication, convince us that a diagno- 


r 


sis of “subclavian steal" may easily be 








Vic. 3. Case nr. Left.sided subclavian steal. Arch aortography was performed for evaluation of a pulsatile 
C | | 


right neck mass which was shown to be due to a tortuous innominate artery, There was left เพ บ legia ol 
I2 years duration (71 vear old female). Blood pressure in right arm ‘too: in left arm 9o/60 (AY Jne- 
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made erroneously if the roentgenologic 
examination excludes arch aortography or 
bilateral retrograde arteriography. Arch 
aortography seems to us to be the most 
simple and physiologic method of detailed 
evaluation of brachiocephalic vessels. 

3. Unilateral right retrograde brachial 
arteriography commonly fails to clearly 
establish the detailed lumen status of the 
opposite proximal subclavian artery. 

4. Finally, we are convinced that both 
the vascular surgeon and the patient are 
entitled to maximum detailed information 
prior to surgery for the relief of arterial 
occlusive disease. 

J. L. Curry, M.D. 
Department of Radiology 
Ohio Valley General Hospital 
Wheeling, West Virginia 
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half second after injection of 35 cc. of sodium iothalamate So per cent (angio-conray) through a catheter 
introduced in the femoral artery percutaneously. There is definite evidence of occlusion of the left subclav- 


ian and left innominate arteries at their aortic arch origins. (4) Roentgenogram made 24 seconds after Z, 
showing delayed filling of the left vertebral and distal subclavian arteries. Intervening serial roentgeno- 


grams supported left retrograde vertebral flow. 
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RETROGRADE VERTEBRAL ARTERY FLOW AS 
AN ARTIFACT OF TECHNIQUE* 


By ARLYNE T. 





SHOCKMAN, M.D.t 


PHILADELPHIA, PENNSYLVANIA 
AY INTERESTING neurologice svn- bral flow of contrast material was probably 
drome caused by obstruction of the — an artifact. 


subclavian artery proximal to the origin of 


the vertebral artery has recently been 
described and has attracted widespread 
attention.?39-539! Blood to the involved 
arm is supplied primarily by retrograde 
How from the ipsilateral vertebral artery 

into the subclavian artery distal to the site 
of obstruction. This “subclavian steal" 

syndrome is characterized clinically by 
diminished blood pressure in the extremity 
and by symptoms of cerebral ischemia. The 
neurologic symptoms are frequently aggra- 
vated by strenuous use of the arm which 
results in increased blood flow to the upper 
extremity at the expense of the brain. A 
bruit can sometimes be heard in the region 
of the subclavian narrowing. Roentgeno- 
logically, the syndrome is characterized by 
the demonstration of narrowing of the su b- 
clavian arterv near its origin from the 
aorta or innominate artery and bv visual- 
ization of retrograde flow of contrast mate- 


rial down the vertebral arterv on the side of 


the obstruction. À few cases have been re- 
ported in which the diagnosis was based 
primarily on angiographic findings either 
in the absence of cerebral ischemic symp- 
toms or in the presence of symptoms that 
could readily have been related to athero- 


sclerotic disease demonstrated else- 
2,3,6,7,8 
e have recently encountered 2 patients 


sia symptoms of cerebral ischemia in 
whom artertographic studies revealed retro- 

grade flow in a vertebral artery suggesting 
aa presence of the “subclavian steal” syn- 
drome. In both cases, however, further 
studies showed that the retrograde verte- 


REPORT OF CASES 


Case 1. A 62 year old white man was hos- 
pitalized because of syncopal episodes and 
weakness in his legs after walking short dis- 
tances. The pulsation of the left carotid artery 
was weaker than that of the right. Neurologic 
examination revealed no abnormalities. The 
blood pressure was 114/60 in the right arm and 
106/60 in the left arm. Right retrograde bra- 
chial arter iography was performed through a 

catheter whose tip was located at the junction 

of the right subclavian and common carotid ar- 
teries, Twenty cubic centimeters of 85 per cent 
cardiografin were injected at 9 kg./cm. pres- 
sure (Gidlund). The arteriogram showed filling 
of the right vertebral artery and delayed 
retrograde filling of the left vertebral artery 
(lig. 1, -f and B), subclavian artery and aorta. 
After a slight adjustment of the catheter, a sec- 
ond injection using 20 ce. of 60 per cent reno- 
grafin showed filling of the right vertebral and 
common carotid arteries but no evidence of 
retrograde filling of the left vertebral artery. 
Percutaneous right carotid arteriography was 
normal, A few days later an intravenous aorto- 
gram utilizing go cc. of 55 per cent cardiografin 
showed that all tour major neck vessels were 


normal. A second injection demonstrated a 
patent basilar artery. 


Comment. Retrograde filling of the left 
vertebral artery was seen on one occasion 
but the entire left subclavian artery from 
its aortic origin to the axillary artery was 
visualized and seen to be free of obstructive 
lesions. The reversal of flow in the left ver- 
tebral artery was not seen following a 
second injection shortly thereafter. The 
only changes between the two injections 


* From the Radiology Department of the Veterans Administration Hospital, Philadelphia, Pennsylvania, 
1 Chief, Radiolegy and Radieisotope Services, VA Hospital, and Assistant Clinical Professor of Radiology, Woman's Medical Col- 


lege, Philadelphia, Pennsylvania, 
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Fig. 1. Case r. C4) Right retrograde brachial arteriogram demonstrating right vertebral artery. (B) Later study 
demonstrating reflux down left vertebral artery filling entire left subclavian artery from aorta to axillary 


artery. 


were the position of the catheter tip and 
the contrast agent used. 


Case it. A 69 vear old Negro with a 1o year 
history of hypertension was hospitalized. be- 
cause of weakness an แฉ in the ng 
forearm of 6 days’ duration. F 
to hospitalization he h ad He i RE wi ith 
speech and mild frontal headache. The left 
carotid pulse was weak relative to the right. 
The blood ie: was 150/ E เท both arms. 


of he right ad VN a t Hm in the 
tendon reflexes was noted. No pathologic re- 


Hexes were found. All peripheral pulses were 
palpable. Al laboratory examinations were 
within normal limits except for a positive sero- 


logic test for syphilis. Left brachial arteriog- 
raphy was performed through a catheter whose 
tip was located in the subclavian artery at the 
origin of the vertebral artery. Thirty cubic cen- 
timeters of 85 per cent cardiografin were in- 
jected at 9 kg./cm.? pressure (Gidlund). The 
left vertebral artery was seen followed by de- 
: Blling of the right sen 

rtery (Fig. 2, 7 and B). A few days later a 
UN was placed in the right brachial arter id 
and injection of contrast material showed nor- 


and right vertebral ar. 


mal right subclavian 
teries (Fi A ax. 


Comment, Again retrograde filling of a 
vertebral artery was seen although a later 
study revealed the subclavian artery on the 
side of flow reversal to be without obstruc- 
tion. 


DISCUSSION 


Surgical correction of the underlying ob- 
structive lesion has been followed by com- 
plete relief of the "subclavian steal" svn. 
drome in a few instances. One mav, there- 
tore, confidently recommend surgery when 
there is clinical evidence of diminished 
arterial perfusion of an upper extremity 
associated with cerebral ischemic manifes- 

tations aggravated by use of the involved 
extremity and by roentgenolo ogic evidence 
of obstruction in the subclavian artery at 
or near its origin with retrograde flow of 
contrast material down the ipsilateral ver- 
tebral artery. On the other hand, when the 
svndrome is incom plete, one must be 
prognostically cautious since atherosclerosis 
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Fis. 2, Case i. í 


(GT) Left retrograde brachial arteriogram demonstrating left vertebral artery. (B) 


ater study 


showing retrograde flow down right vertebral artery. 


sase and lesions 
circulation may 


tends to be a widespread dis 
elsewhere in the cerebral 


well account for the ischemic symptoms. 
The 2 cases reported in this article demon- 


strate that one must be particularly cau- 
tious in interpreting the significance of the 
arteriographic demonstration of retrograde 
flow of contrast material in the vertebral 
arteries. Although this is a striking roent- 
gen finding, our 2 patients illustrate the 
tact that it may be artifactual since there 





brachial arterio- 

eram demonstrating absence af obstruction in 

nght ฑา artery, anomalous origin of right 
subclavian artery and absence of retrograde flow 
3 left vertebral artery. 


Fic. 3. Case om. Right retrograde 


x 
> 
if 
i 


was no evidence of obstruction in the sub- 
clavian arterv proximal to Sm > origin of the 
vertebral artery and omnes arteriographic 
studies showed normal vessels with no evi- 


dence of retrograde flow. 


In both cases there was difficulty in ad- 
vancing the tip of the catheter bevond the 
point at which injection was made. Con- 
ceivablv, because of this, the end hole was 
blocked bs the vessel wi ! and the greatest 
part of the high pressure exerted and con- 
trast material injected was delivered via a 
side hole directly into the vertebral artery. 
The diminished elasticity of older arteries 
also mav have facilitated the transmission 
of pressure relatively undiminished into the 
vertebrobasilar region producing momen- 
tary flow reversal. 


It has been demonstrated by Amundsen 
etalt that a marked significant fall in blood 
pressure (30-40 mm. Hg) occurs with 


aortography, peripheral arteriography, and 
เค Ta v. Rowe et al? also de- 
scribed a precipitous drop in peripheral 
arterial pressure in man and confirmed this 
experimentally in dogs following angio- 
cardiographv. Lindgren and Tornell at- 
ก the fall in. blood pressure to a 
vasodilator efect of the contrast agents. 
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They also established that there was a dis- 
proportionately greater effect with more 
concentrated preparations of the same 
agents. It seems possible, therefore, that a 
general fall in blood pressure, locally mani- 
fest in the subclavian artery, occurred at a 
time when the pressure at the vertebro- 
basilar junction was at a peak, thereby 
creating a transient reversal of the pressure 
gradient in the vertebral artery 

The roentgen evaluation of Cere bhavaedus 
lar disease is hazardous when based on 
arteriographic studies which show only a 
portion of the circulation to the neck and 
head. Several authors? *? have emphasized 
that all the major branches from the 
aorta to the intracranial level should be 
visualized simultaneously with rapid serial 
roentgenographv in order to obtain in- 
formation regarding the hemodynamics in 
the individual patient. The demonstration 
of a localized stenosis or obstruction is not 
adequate for planning the over-all treat- 
ment program. The direction of flow in an 
artery can be transiently altered by coun- 
ter-current arterial injections, thus masking 
retrograde flow on the ipsilateral side!” as 
well as artifactually producing it on the 
contralateral side. The technique which 
most clearly reveals the true direction of 
flow in the major arteries is intravenous 
injection with delayed serial roentgenog- 
raphy of the aortic arch and its branches. 
Since this procedure does not always pro- 
duce adequate contrast, injection through a 
catheter in the arch of the aorta may be 
preferred. If counter-current brachial or 
subclavian artery injection is used, a non- 
catheter technique is desirable. If intra- 
arterial catheter techniques are to be reli- 
ably utilized, care must be exercised that 
the tip of the catheter is located well awav 
from the vertebral orifice, that the less con- 
centrated radiopaque media are used and 
that the injection pressure is kept as low as 
is compatible with good visualization. If 
reversal of vertebral arterv flow is demon- 
strated, its presence should probablv be 
confirmed by use of an alternate technique. 
In addition, definite anatomic obstruction 
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in the subclavian artery proximal to the 
vertebral artery must be demonstrated. 


SUMMARY AND CONCLUSIONS 


Two cases are presented in which 
transient retrograde blood flow was noted 
angiographically despite the absence of ob- 
struction in. the ipsilateral subclavian 
artery. 

2. The artifactual reversal of blood flow 
is ascribed to the technique em ployed. 

3. Technical recommendations for avert- 
ing this artifact are offered. 
Veterans Administration Hospital 
University and Woodland Avenues 


Philadelphia 4, Pennsylvania 


The author expresses her appreciation to Dr. 
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uscript. 


REFERENCES 


I. AMUNDSEN, D. K., AMUNDSEN, P., and MÜLLER, 
O. Blood pressure and heart rate during 
angiography, abdominal aortography, and 
arteriography of lower extremities. Acta 
radiol., 1956, 45, 452—458. 

2. Asunv, R. N., Karras, B. G., and Cannon, 
A. H. Clinical and roentgenographic aspects 
of subclavian steal syndrome. Am. J. Rogxr- 
GENOL, Rap. THERAPY & NUCLEAR Meb., 
1963, 90, 535—545. 

3. FISCHER, M. J., and Marrey, W. E. Subclavian 
steal syndrome. Am. J. ROENTGENOL., Rab. 
THerapy & NUCLEAR MED., 1963, 90, 532- 
$34. 

4. LINDGREN, P., and TORNELL, G., Blood circulation 
during and after peripheral arteriography; 
experimental study of effects of triurol (sodium 
acetrizoate) and hypaque (sodium diatrizoate). 
Acta radiol., 1958, 49, 425—440. 

MANNICK, J. Suter, C. G., and Hume, 


SAX 
* 


D. M. “Subclavian steal” syndrome: further 
documentation. F.A.M.A., 1962, 1:82, 254- 
258. 


6. NonTH, R. Rọ Fierros, W. S, DeBakey, M. E., 
and Crawrorp, S. Brachial-basilar insuffi- 
ciency syndrome. Neurology, 1962, 12, 810- 
820. 

7. Parre, T., SaMUEL, E., and Duncan, J. G. Re. 
versed vertebral artery blood How in sub. 
clavian artery obstruction (subclavian steal). 
Clin, Radiol., 1963, 74, 310-316. 


EN 


1262 Arlyne T. Shockman โย ม ธ์, t964 


8. Rrivicu, M., [ชอบ บ 1 ม 0, H. E., Ropers, B., and Circulation, 1956, 13, 896-904. 
Toore, J. F. Reversal of blood flow through — 10. Simon, M., Ronivov, K., and HORENSTEIN, S. 
vertebral artery and its effect on cerebral Proximal subclavian artery occlusion and 
circulation. New England J. Med., 1961, 265, reversed vertebral blood flow to arm. Clin. 
878-885. Radiol., 1962, 73, 201-206. 

9. Rowe, G. G., Huston, J. H., Tucumay, H., 11. SrEiNnERG, L, and Hareers, M. Roentgen 
MAXWELL, G. M., WEINSTEIN, A. B., and manifestations of subclavian steal syndrome. 
Crumpton, C. W. Physiologic effect of con- Am. J. ROENTGENOL,, Rap. Tuerary & Nu- 





trast media used for angiocardiography. CLEAR MED., 1963, 90, §28-531. 





Vor. 91, No. 6 


DISSECTE 





4G ANEURYSMS OF THE THORACIC AORTA* 


THEIR ANGIOGRAPHIC DEMONSTRATION 


By SAMUEL D. HEMLEY, M.D., VIRGINIA KANICK, M.D., RICHARD D. KITTREDGE, M.D., 
and NATHANIEL FINBY, M.D. 


NEW YORK, NEW YORK 


DISSECTING aneurvsmof the thorac- 
| ic aorta Js an intramural hematoma 
which commonlv begins as a transverse tear 
in the intima and media of the aorta a few 
centimeters above the aortic valve or in the 
descending thoracic aorta near the origin 
of the left subclavian arterv.? Et differs from 
other aneurvsms 1n that the aortic lumen 
is usually not enlarged by the dissection, 
but remains constant in size or is made 
smaller bv the hematoma. 1"? 

The recent advances in cardiovascular 
surgerv and the general emplovment of 
vascular opacification have made it essen- 
tial to appreciate the roentgen findings of 
dissecting aneurysm of the thoracic aorta. 
The following 15 cases studied during the 
last 24 months confirm the frequency of 
this pathologic process. 

The increasing age of the general popu- 
lation, the large number of hypertensives 
in western society and the relationship of 
medial arterial necrosis to Marfan's syn- 
drome, a heritable disorder of the connec- 
tive tissue, are indicative of the ever in- 
creasing number of cases that will be en- 
countered in the future. 


REPORT OF CASES 


Case r. This £2 year old white female was ad- 
mitted to the hospital for a cholecystectomy 
for cholelithiasis. No symptomatology was ref- 
erable to the chest. 

Physical Examination. On admission the pa- 
tient's blood pressure was 110/70, pulse 88, and 
respiration 18. No murmurs were heard upon 
examination of the chest. 

Roentgenologic Findings. Indirect: Exam- 
ination of the chest showed a dilated aortic arch 
which appeared to have increased in size when 
compared to a previous roentgenogram. In ad- 





lic. 1, Case 1. Frontal chest roentgenogram made 1 
year prior to admission reveals some left ventricu- 
lar prominence and unfolding of the aortic arch. 
The lung fields are unremarkable. 


dition, there was a definite suggestion of a 
double contour to the aortic knob. It was felt 
that the plain roentgenogram suggested a dis- 
secting aneurysm of the thoracic aorta (Fig. 1 
and 2). Direct: An intravenous aortogram dem- 
onstrated the dissection of the thoracic aorta. 
Dissection began at the ascending portion of 
the arch and involved the origin of the main 
thoracic branches and extended along almost 
the entire thoracic aorta. The point of re-entry 
was thought to be in the lower thoracic aorta 
just at the level of the diaphragm. The opaque 
material was seen to penetrate the dissected 
portion of the aorta (Fig. 3 and 4). 


who entered the hospital with the chief com- 

plaint of soreness in the midepigastrium of 4 

days’ duration. The pain did not radiate. 
Physical Examination, Physical examination 


* From the Department of Radiology, St. Luke's Hospital, New York City, Nathaniel Finby, M.D., Director, 
Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 


1963. 
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Fic, 2. Case 1. Chest roentgenogram made during the 
present admission shows definite increase in thedila- 
tation of the aorta, most striking in the descend. 
ing portion of the arch and the thoracic aorta. 
The contour of the aortic knob as outlined by the 
black arrows shows a definite irregularity as well. 


revealed a loud aortic systolic murmur and an 
apical systohe murmur. The clinical impression 
was that of a possible abdominal aortic 
aneurysm, 





Case 1. Frontal angiocardiogram shows two 
well defined false channels of contrast material 
(top arrows). The thickness of the wall of the 
descending aorta is secondary to the dissection. 
The lower arrow delineates the lateral wall of the 
true aortic lumen. 
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Roentgenologic Findings. Indirect: Chest 
examination revealed an enlarged heart with 
dilatation of the entire aorta, Extensive cal- 
cification involved the arch and descending 
portions of the aorta (Fig. $). Direct: Intra. 
venous aortograms showed severe arterio- 
sclerotic changes of the entire aorta with 
elongation and widening. There was roentgeno- 
graphic evidence of dissection of the posterior 
lateral wall of the descending thoracic aorta 
with evidence of contrast material within the 
wall in this area. The dissection could be fol. 
lowed to the level ๐ 1 the 12th thoracic vertebra. 
The impression was dissecting aneurysm of the 
descending thoracic aorta. No localized evi- 
dence of aneurysm in the upper abdominal 
aorta was seen (lig. 6 and 7). 


? 


Case ir, This 77 vear old white male entered 
the hospital with the chief complaint of ab- 
dominal pain and rectal bleeding. Clinical ex- 
amination revealed a perirectal abscess. A his- 
tory of angina pectoris was elicited. 

Physical Examination, Physical. examina- 





Fic. 4. Case 1. Oblique intravenous angiocardiogram 
shows a channel within the wall of the aorta filled 
with contrast material. The lucency on either side of 
the channel is marked by arrows and represents 
inner and outer wails of the dissection. 
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Lic, 6. Case u. Left anterior oblique intravenous 
aortogram shows some dilatation. of the entire 
aorta with elongation and widening along the 
posterior wall of the descending thoracic aorta. 
Contrast material is noted within the wall. The 
dissection appears to begin distal to the left sub- 
clavian artery and can be followed down to the 
level of the diaphragm, with contrast material in 


the wall (arrows). 


tion was unremarkable. Blood pressure was 
Vio so. 
Roentgenologic Findings. Indirect: A roent- 


genogram of the abdomen revealed a linear 
caleification to the left of the lumbar spine, 
indicating a possible abdominal aortic 


aneurysm, A roentgenogram of the chest re- 
vealed some fullness of the aortic arch (lig. 5). 
Direct: An intravenous aortogram demon- 
strated a severely tortuous and minimally di- 
lated abdominal aorta with secondary arterio- 
sclerotic disease. An intravenous aortogram 
visualizing the thoracic area showed the aorric 
arch to be widened. In the oblique projection, 
there was a definite appearance of contrast 
material within the wall of the aorta. The im- 
pression was chronic dissection of the aorta in- 





Fic. & Case u. Frontal chest roentgenogram shows 
moderate dilatation of the entire aorta with ex- 
tensive calcification involving the aortic arch. 


Aneurysms of the 


Thoracic Aorta 
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volving the ascending and proximal descending 
aorta. No operation was performed because the 
patient's cardiac status was unsatisfactory for 


a major thoracotomy (hig. 9). 





Fic. 7. Case u. A second intravenous anteroposterior 
aortogram shows the lower portion of thoracic 


with 


aora, 


the contrast material in the wall 
(arrow), well demonstrated to the level of the 


diaphragm. 
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Fic. S, 


Case i, Frontal chest roentgenogram show s 
an unfolded tortuous aorta with some widening of 
the aortic arch. 


Case iv. This patient was a $2 year old 
Negro married attorney who entered the hos- 
pital for the first time with a complaint of sub- 
sternal pain, upper abdominal pain, and low 
back pain of approximately 2 hours’ dura- 
tion. The patient had noted generalized ab- 
dominal discomtort for the past 2 weeks, es- 
pecially in the mornings. He had been well 





Fic. 9, Case NI Left anterior oblique intravenous 
aortogram shows a relatively normal aortic lumen 
with contrast material within the wall of the aorta 
(single arrow). The increased thickness of the 
aortic wall is indicated by the upper arrows. 
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otherwise, until 2 hours prior to admission, 
when he had suaden onset of steady low back 
pain followed by generalized crampy lower ab- 
dominal pain and substernal pain accompanied 
by dyspnea. 

Physical Examination. Physical examination 
revealed a Grade 1 systolic murmur at the apex. 
No other significant physical findings were 
noted. 

Roentgenologic Findings. Indirect: Chest 
examination on admission revealed some linear 
strand-like densities involving both lower lung 
helds presumably on the basis of chronic fibrotic 
disease of the lungs. The cardiac silhouette was 
not striking. However, the aortic arch showed 
uniform dilatarion and uncoiling, with prom- 
inence, particularly of the descending aorta 
(Vig. 10). Direzt: An angiocardiographic exam- 
ination of the aorta, both thoracic and ab- 
dominal, revealed a large dissection starting in 
the region of the aortic arch and ending 
abruptly at the diaphragmatic dome. A sharp 
angulation was noted as the thoracic aorta 
passed through the diaphragmatic dome. The 
roentgenographic impression was chronic dis- 
section of the aorta involving only the thoracic 
aorta (Fig. 11 and 12). 

Comment. The angiocardiographic investiga- 
tion was initiated by the Department. of 
Radiology. A tortuous diated aorta was evi- 
dent with associated mediastinal thickening at 
fluoroscopy (gastrointestinal study). 





Fig. 10. Case iv. Frontal chest roentgenogram show- 
ing a relatively unremarkable cardiac silhouette. 
Unirorm dilatation, uncoilingand prominence of the 
aorta is seen, particularly of the descending aorta, 
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Case v. This 37 vear old Negro woman came 
to 5t. Luke's Hospital with a history of 2 vears 
of exertional dvspnea and heart murmur. Five 
days prior to admission, the patient had de- 
veloped chest pain and discomfort associated 
with paresthesias of the legs and right arm. 
Past history revealed that many of her family 
had died at early ages of cardiovascular disease 
and there were 2 cases of documented Marfan’s 
syndrome, 

Physical Examination. Physical examination 
revealed a blood pressure in the right arm of 
8o/so, in the left arm of 140 40 with a pulse of 
130 and respirations of 24. There was a loud 
systolic diastolic murmur over the right an- 
terior chest and sternal border. As was absent. 
In the extremities, there were bounding pulses 
except in the right arm which was colder than 
the rest of the body. 

Roentgenologic Findings. Indirect: A routine 
chest roentgenogram revealed a massively en- 
larged ascending aorta. There was left ventricu- 
lar enlargement as well (Fig. 13). Direct: Intra- 
venous angiocardiograms showed a pronounced 
enlargement of the heart with deformity of the 
cardiac chambers secondarv to massive aneu- 
rvsmal dilatation of the sinuses of Valsalva 
and the proximal aorta. The large aneurysm of 
the sinuses of Valsalva had a pronounced ex- 
trinsic pressure effect on the atrium and right 
ventricle which were compressed and displaced 
downward (lig. 14). The right pulmonary 
artery was displaced upward but not markedly 





Fic, 11. Case iv. Left anterior oblique angiocardio- 


region of the aortic arch and extending down to 


the domeof the diaphragm. The marked thickness 
of the aortic wall is indicated by arrows. 
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bic. 12. Case iv. Frontal angiocardiogram again 
shows the large soft tissue density outside the 
visualized aortic lumen. This represents aortic wall 
with the gross dissection widening the wall to al- 
most the thickness of the normal lumen. The outer 
margin of the aortic shadow is marked by arrows. 
This projection shows the thickness of aortic wall 
returning to near normal at the level of the dia- 
phragm. 


enlarged. The lett atrium and left ventricle were 
markedly enlarged with prominence and dilata- 
tion of the left ventricle. The aneurysmal] dila- 
tation of the sinuses of Valsalva measured 12 
cm. in width and extended for a distance of 14 





hig. 13. Case v. Frontal chest roentgenogram shows a 
massively enlarged ascending aorta as well as left 
ventricular enlargement. 


T 
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Fic. 1g. Case v. Intravenous angiocardiogram shows 


. 


massive aneurvsmal dilatation. of the sinuses of 
Valsalva and proximal aorta. The descending aorta 
reveals a lamination to its outer border (arrow s) 
indicating contrast material within the wall of the 


dissection. 


Ne 


Fic. 14. Case v. Intravenous angiocardiogram shows 
marked extrinsic pressure upon the right atrium 
and right ventricle, which are compressed and dis- 
placed downward. Displacement of the outflow 
tract of the right ventricle is to the lett. The night 
pulmonary artery is displaced upward minimally. 


4 


cm. (Fig. 13). The ascending aorta was displaced 
upward and there was buckling in the region of 
the transverse portion of the arch. After mtra- 
venous aortography, selective aortography by 
retrograde catheterization was performed (Fig. 
16). Following injection at the level of the 
aneurysmal dilatation of the aorta, regurgita- 
tion was noted into the left ventricle. The 
aneurysm of the sinuses of Valsalva remained 

i for g seconds. Operation was not 

" 


" 


E 





opacihed 
attempted. The patient died 11 days following 
admission, 





aortogram by means of 
retrograde catheterization shows contrast matertal 


bic. 16, Case v. Selective 


in the massively dilated aneurysm of the 


sinuses of Valsalva. 


pooling 


A 





Vor. gt, No, Aneurvsms 


TM 


Pathology. At autopsv, a huge dissec ting 
aortic aneurysm due to medial degeneration was 
demonstrated. There was degeneration of elas- 
tic tissue and destruction of vasa vasorum with 
hemorrhage and cvstic ae In addition, 
there was dilatation and incompetence of the 
aortic valve ring and a large aneurvsm of the 
ascending aorta, There were ruptures of both 
inner and outer walls of the aneurvsm. The 
resulting 
death. The aneurysm was opened and a dis- 
section of the aorta with a smooth shinv surface 
complete elv encircling the lumen and extendi ing 
trom the aortic c ring to the femoral arteries was 
seen. It was also noted to extend for a short 
distance into the great vessels of the arch of the 
aorta. The coronary arteries were spared but 
the dissection involved the bronchial and verte- 
bral arteries (Fig. 17, 18 and 19). 


Case vi. This £6 year old white man entered 
the hospital with the chief complaint of diz- 
ziness of t dav's duration. 


Fic. 17. Case v. Gross specimen of heart, aorta and 


great vessels. Arrow points to huge ท ท ย dis- 
secting aneurysmal sac. 


of the Thoracic Aorta 


cardiac ramponade was the cause of 
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Fic. 18. Case v. Opened dissecting aneurysm (cross 
section), False channel is marked with arrow. 


Physical Examination. Blood pressure was 
260/150 in the right arm and 235135 in the 
left arm. There was a Grade 3, harsh, svstolic 
murmur, Clinical impression was hvpertension 
and possible dissection of aorta. 

Roentgenologic Findings. Indirect: Examina- 
tion of the chest revealed the cardiac size to be 
at the upper limits of normal. There was widen- 
ing of the ascending and descending limbs of 
the aorta. À double densitv at the aortic arch 
suggested dissection of the aorta (Fig. 20). One 
week later, a cardiac Huoroscopy showed the 
ascending aorta's pulsations to have diminished 
and a cardiac esoph: agram stronglv suggested a 
double contour. Direct: Intravenous aortogram 
revealed a definite increase in. thickness of the 
vall of the aorta, indicating dissection within 
the wall. There was a very striking double 
density demonstrated at the base of the aorta 
continuing through the region of the apex of the 
aorta and for a distance of a pproximately 7 em. 
inferiorly along the left aortic border. This was 
interpreted as contrast material within a large 
dissection. The impression was dissection about 





Vic. 19. Case v. False channel visualized from above 
(arrow), looking into dilated aortic valve. 





Case vi. Chest roentgenogram showing 
widening of the ascending and descending limbs 
of the aorta. 


Fio. 20. 
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the aortic arch involving the descending aorta 
as well (hig. 21). 


Case vit. This was the first admission of a 62 
vear old white woman who had well docu- 
mented hypertension for many vears. Her blood 
pressure had been approximately 220/110. On 
the morning of admission she developed acute 
chest pain radiating to the front of her chest. 
The pain gradually migrated to the upper 
epigastric area, On presentation to the hos- 
pital, she appeared in acute distress. 

Physical Examination. Shortly betore ad. 
mission her blood pressure was measured at 


r - 


130/60. Physical examination was otherwise 
essentially unremarkable. 

Roentgenologic Findings. Indirect: Chest 
roentgenogram revealed a markedly prominent, 
elongated aorta with calcification of the aortic 
knob. The soft tissue outlining the aorta ex- 
tended beyong the calcification. The possibility 
of dissection was mentioned. Comparison with 
previous chest roentgenograms showed that the 
aortic arch had widened (Fie 22 and 23). 
Direct: An intravenous aortogram showed 
widening of the descending aorta Just distal to 





Fic. 21. Case vi. Intravenous aortogram demonstrat- 
ing a double density, starting at the base of the 
aorta and rising through the apex of the aorta and 
then descending along the thoracic aorta (upper 
black arrow). Note thickness of the wall of the 
aorta (white arrows and lower black arrow). 
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the origin of the left subclavian artery. Aneu- 
rysmal dilatation occurred at this region. Dis- 


section of d» aorta as manifested bv a thick- 
ened aortic wall began at this level, just distal 
to the left i arterv, and was followed 
as far as the level of the diaphragm. The exact 
point of re-entry could not be identified. How- 
ever, the thickness of the aortic wall decreased 
as the aorta passed through the diaphragm 
(Fig. 24). 


Case vui. This was the first St. Luke’s Hos- 
pital admission of a 60 year oldman อ ล 5 
referred with a diagnosis of dissection of the 
thoracic aorta, following aortographv per- 
formed at another hospital. The patient pre- 
sented with symptoms of severe upper ab- 
dominal pain described as "tearing" in nature. 

Physical Examination, Prior to admission to 
the hospital, the blood pressure was 200/785. 
His peripheral pulses were normal. On admis- 
sion to the OPE, his blood pressure had 
dropped to 155/95. He was in no acute distress. 
However, » 1 lower thoracic and 
left lower quadrant abdominal soreness. No 
murmurs were heard. 

Roentgenologic Findings. Indirect: Chest 
examination revealed widening of the medi- 
asinum with a prominent aortic knob and a 
mass in the left hilar area which was continuous 
with the aortic shadow (Fig. 25). Direct: Angio- 





hic. 22. Case vir. Chest roentgenogram prior to ad- 


mission showing an arteriosclerotic unfolded aorta 


with calcification. 


sms of the Thoracic 


inite thickening of the wall of the 


Fic. 24. Case vit. 
strating marked 1 
wall and the aneurvsma 
the aorta. Diagnosis—disse 


Aorta 





Fic. 23. Case vir Interval chest roentgenogram 
showing an increase in the dimensions of the aortic 
arch with an increase in soft tissue adjacent to the 
caleification (arrows). 

cardiograms revealed aneurvsmal dilatation of 

the descendi ing portion of the aorta with def- 


aorta, prin- 





Intravenous aortogram demon- 
increased thickness of the aortic 
ป dilatation of the arch of 
ecting aneurysm, 





Fic. 25. Case vii. Frontal chest. roentgenogram 
showing pronounced widening of the aortic arch 
and the descending aorta. 


cipally in the distal aortic arch area (lig, 26). 

Operative Findings. A transthoracic aortic 
aneurysmorrhaphy was performed. The aortic 
arch and descending aorta were dilated and a 
soft area in the mid-thoracic region appeared 
weak and was repaired with 3 suture lines. The 
patient died shortly after operation. 

Pathology. At autopsy, the aorta showed an 
intact intima. Vhe media was thickened and 
contained large vascular channels with nu- 
merous red blood cells and some extravasation, 
There was an acute and chronic inflammatory 
response about the vascular channels of the 
outer media. À portion of the wall of the media 
demonstrated evidence of degeneration with 
fragmentation and hvalinization. The media 
contained a secondary channel. A laminated 
thrombus filled a large portion of the vascular 
channels within the media. 

Diagnosis. Dissection of the thoracic aorta 
with aneurysm formation. The patient died asa 
result of a left pleural hemorrhage, secondary to 
operation and bilateral bronchopneumonia, 


Case rx. This was the first St. Luke's Hos- 
pital admission of a £9 year old Negro man who 
entered with the chief complaint of back pain. 
Two davs prior to this he developed sudden 
pain in the lett leg tollowed by low back and 
mid-scapula pain associated with left anterior 
chest pain and generalized weakness. The pain 
subsided after 36 hours but low back pain per- 
sisted, 

Physical Examination. On admission, blood 
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pressure in the right arm was 244/140, left 
arm 245/140, pulse 54, respirations 16. There 
was a Grade 1 systolic murmur audible at the 
base, ro the right of the sternum, and not trans- 
mitted to the neck. Mazzini was 4 plus, VDRL 
was positive undiluted. 

Roentgenologic Findings. Indirect: Frontal 
chest roentgenogram revealed a prominent as- 
cending aorta (lig. 27). Direct: Intravenous 
aortogram showed no definite dilatation of the 
aortic arch. However, at the takeoff of the 
innominate artery, contrast material could be 
delineated dissecting its way out into an ab- 
normal channel which ran along the lateral 
portion of the thoracic aorta. It measured ap- 
proximately 0.6 em. The abnormal channel ex- 
tended down to the dome of the diaphragm. 
Roentgenographically, the diagnosis of dissec- 
tion of the aorta was established (Fig. 28). 


Case x. This 48 vear old woman presented at 
the hospital with deep pain under her left 
breast which occurred suddenly. On oceasion 
it radiated to the left lumbar area. 

Physical Examination. Blood pressure was 
tgo 8o. Patient had long fingers and a high 
arched palate and a family history of one 
parent dving of a perforated aorta. 

Roentgenologic Findings. Indirect: Frontal 





lic. 26. Case var Angiocardiogram shows aneurys- 
mal dilatation of the arch and descending aorta 
with marked thickening of the wall of the aorta, 
indicating a dissecting aneurysm. (Courtesy of 
David Seibert, M.D., Pt. Pleasant, N. J.) 
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chest roentgenogram showed an aorta which 
was normal in size (lig. 29). Direct: Intra- 
venous aortograms were interpreted as showing 


of the arch of the aorta. The exact point of re- 
entry could not be evaluated (Fig. 30 and 31). 

Operative Findings. At operation, the aorta 
was opened and explored thoroughly. No dissec- 
fion was seen. 

Comment. Although the aortic channel was 
normal in appearance, contrast material was 
thought to be outside the lumen of the aorta. 
This area measured 3 mm. Because this case 
was clinically thought to be a forme fruste of 


= + 


Marfan's syndrome, operative intervention was 
undertaken. There is no explanation for the 
normal appearing aorta at operation. 

It is possible that adventitial vascular 
opacification may imitate a dissecting aneu- 
rysm. 

Similar lack of confirmation of supposed 
aortic dissection diagnosed by contrast studies 
has been encountered at autopsy and at sur- 





Pig. 28. Case ix. Intravenous aortogram shows no 
striking dilatation of the aortic arch; however, 
contrast material is seen dissecting into an ab- 


gery, ม 

EUM normal channel which runs along the lateral por- 
Case XL This 72 year old white man was tion of the descending aorta. The channel meas- 
E ~ E » ^ m : T 0 ures approximately 6 mm. in width (white 

well until 3 vears prior to admission when he lu Dt 9 | | 


NN - : PS SERRE RS TERT ND arrow), 
was seen in mild congestive failure with mod- 


erate hypertension. Fight hours prior to this 
present admission, he developed acute mid- 
dorsal and lumbodorsal pain. The pain was 
associated with weakness but apparently not 
unconsciousness. Shortly after the onset of pain, 
there was substernal radiation into both 


shoulders and the left arm. The patient denied 
previous chest pain. 

Physical Examination. On admission to the 
hospital the patient's. blood pressure was 





Fic. 29. Case x. Frontal chest roentgenogram reveals 
Fic. 27. Case ix, Frontal chest roentgenogram ก normal aortic arch, The cardiac silhouette is 
showing some fullness of the aortic arch. normal. 
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lic. 30. Case x. Frontal intravenous aortogram 
shows a normal aortic arch with normal great 
vessels and a normal descending aorta. 


260/120, with a pulse of 66. There was a loud, 


booming, Grade 4, harsh, svstolic murmur 
with poor radiation, Clinical impression was dis- 





bio ot 5 x. Left anterior oblique intravenous 


m shows contrast material in the aortic 


ra 
utside the main lumen (arrows), This was 
eted as a dissection of thoracic aorta. 
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section of the aorta with and mild 
congestive failur 

Roentgenologic Findings. Indirect: Roent- 
genograms revealed a moderate degree of 
cardiomegaly ind prominence of the left 
ventricle. The aortic arch and proximal portion 
of the descendinz aorta were markedlv en. 
larged. Comparison with a roentgenogram 
taken 2 vears prior to admission showed a 
significant increase in the width of the descend- 
ing aorta and arch (Fig. 32 and 33). 

Comment. Angiocardiographic investigation 
vas not pursued because of the patient's age 
Me clinical improvement, Sixteen months have 
elapsed since the initial episode and the patient 
is alive and well. 


aneurvsm, 


xi. This was the fourth hospital ad- 
mission of a 71 year old white man with the 
chief complaint of chest pain of 3 hours’ dura- 
tion. Early on the morning of admission, the pa- 
tient awoke with severe anterior deu pain 
associated with weakness and sweating. 
Physical Examination. Physical examination 
evealed a blood pressure of ' ‘So, with a 
M of ^o, and res spiration of 12. T he patient 
was perspiring profusely and complaining of 
left anterior chest pain. Forty-eight hours fol- 
lowing admission the parient developed respira- 
tory distress and died. 
Roentgenologic. Findings. 
genogram 
relatively 


Indirect: Roent- 


1 vear before admission showed a 
normal chest (lig. 34). 


À portable 





Fic. 32. Case xi. Frontal 
Mero and fullness of the aortic arch sec- 


ondary to arteriosclerotic unfolding of the aorta. 


chest roentgenogram shows 
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chest roentgenogram prior to death showed 
widening of the aortic arch and dilatation of 
the brachiocephalic vessels (Fig. 35). 

Pathology. At postmortem | examination, 
there was incomplete separation of the media 
in its outer third with a large collection of red 
blood cells in these spaces. In one area, the 
media had been split at multiple levels. In sev- 
eral sections there were mucoid areas replacing 
muscle fibers. 

Diagnosis. Medionecrosis of the aorta with 
dissecting aneurysm of the thoracic aorta and 
abdominal aorta. 


Case xii, This 76 vear old white man was 
admitted to the hospital with a history of pain 
in the lett neck and shoulder, which started on 
the morning of admission and increased in 
intensity within the next 2 hours. 

Physical Examination. On admission to the 
hospital, physical examination revealed a cold 
patient in shock with a respiratory rate of 20, 
and unobtainable pulse and blood pressure. 
Emergency shock therapy was instituted. How- 
ever, shortly after admission the patient died. 

Roentgenologic Findings. Indirect: Exam- 
ination of the chest prior to admission revealed 
some arteriosclerotic change of the aorta and 
no enlargement of the cardiac silhouette. A 
roentgenogram taken immediately prior to 
death showed no interval change in the chest. 





Vic. 35. Case xi. Chest roentgenogram immediately 


prior to admission (3 years after Fig. 32) to the 
hospital shows marked widening of the aortic arch 
with some obscuring of the pulmonary artery by 


the descending aorta. 
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Fic. 34. Case xu. Posteroanterior chest roentgeno- 
gram 1 year prior to death showing no gross dila- 
tation of the aortic arch. 


No widening of the aortic arch had occurred 
(Fig. 36). 

Pathology. The aorta showed marked cal. 
cification and fibrosis of the intima. There were 
fresh red blood cells and recent thrombi dis- 
secting the outer third of the media. The elastic 
fibers of the media were swollen and frag. 
mented. Primary lesions on pathologv were con- 
sidered to be general arteriosclerosis and medial 





lic. 35. Case xir Chest roentgenogram prior to 
death showing considerable dilatation. of the 
ascending arch of the aorta and descending aorta. 


i296 


lic. 
prior to death reveals 
the aorta with tortuosity 
largement. This 
roentgenograms showed no change in the dimen- 
sions of the aortic arch. 


3h, Case xir. Chest roentgenogram immediately 
arteriosclerotic change of 
but no striking en- 
study when compared to previous 


necrosis of the aorta. Secondary terminal 
lesions of dissecting aneurysm and hemo- 


pericardium were described. 

Comment. Although unusual, the aorta may 
appear normal roentgenographically and vet a 
dissection may be present. 


Case xiv. This 72 vear old white man was 
admitted to the hospital on December 23, 1962 
because of severe, sharp chest pain which 
radiated to the tal portion of the back. 
While being examined by his physician. 2 
weeks prior to this admission, he became 
paralyzed from the nipples down. Paralysis re- 


ceded over the next few days during which time 
there was recurrent chest pain, less severe in 
degree. 


Physical Examination. On admission the pa- 
tient's blood pressure in the arm was 
170/go and in the left arm 150/70. The tem- 
perature was 102? l., respirations 20, pulse 1o 
The patient was alert and in no distress. He ap- 
peared to be in exceptionally good health for 
his stated age, No murmurs were evident on 
auscultation, and good pulses were present in 

all four extremities. 

Roentgenologic Findings. 


Indirect: Exam- 
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ination of the chest in the posteroanterior and 
left anterior oblique positions revealed a อ อ ท - 

siderable increase in the over-all dimensions ot 
i descending thoracic aorta. A distance of 
approximately 1 cm. was present between the 
calcification in the aortic knob and the most 


lateral aspect of the aorta in this region. The 
conventional roentgenograms were very sug- 


gestive of a dissecting aneurysm (lig. 37 and 
38). Direct: The following morning intra- 
venous aortograms were made both in the 
anteroposterior and left anterior oblique pro- 
An extremely large dissecting aneu- 
rysm of the thoracic aorta was well demon- 
strated which appeared to originate at or distal 
to the left subclavian artery. "The point of re- 
entrv was immediately above the diaphrag- 
matic dome. The area of maximum dissection 
was just distal to the aortic knob and measured 
4 to & cm, The true lumen of the descending 
thoracic aorta was impinged upon anteriorly 
and decreased in transverse dimensions, Poor 
definition of the outer margins of the dissection 
below the aortic knob was highly suggestive of 
à continuing active process. Fi igures 39 and 40 
demonstrate the dimensions of the dissection. 

Comment. In view of the presence of con- 
tinuing chest pain and the unequal blood pres- 
sures in both arms together with the lack of 
angiocardiographic demonstration of the outer 
margins of the dissection immediately. below 
the aortic knob, the clinical and roentgeno- 
graphic impression was that an active process 
was present. For this reason, 


the patient was 





Case XIV. 
gram shows considerable widening of the descend- 
ing thoracic aorta. A distance of 1 em. was present 


เล ล Posteroanterior chest roentgeno- 


berweon the calcification in the aortic knob and 
the left lateral aspects of the aorta (arrow) 
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operated on the following day and a large dis- 
section originating at the left subclavian artery 
and extending to the diaphragmatic dome was 
seen. Approximately 6 inches of the aorta was 
removed immediately distal to the left sub. 
clavian and replaced by a dacron graft. Figure 
41 is the surgical specimen in cross section, 
photographed at the time of surgery. The pa- 
tient is alive and well and was discharged from 
the hospital on January 26, 1963. 


Case xv. This 75 vear old Negro man was 
admitted to the hospital on December 30, 1962 
because of urinarv retention. Other than occa- 
sional insignificant chest pains in past vears, 
he had always been in good health. 

Physical Examination. Physical examina- 
tion revealed a patient in no distress who had 
lower abdominal discomfort. Pulse and respira- 
tions were normal. Blood pressure in the right 
arm was 170/9go and in the left arm 200/115. A 
Grade 2 svstolic murmur was present at rhe 
apex. No former studies were available for 
comparison. 

Roentgenologic Findings. Indirect: A con- 
ventional posteroanterior study of the chest 
revealed a considerable increase in the trans- 
verse cardiac dimensions with prominence of the 
left ventricle. A large soft tissue mass was pres- 
ent in the right paratracheal region and meas- 
ured 0 em. m diameter. The lung fields were clear 
(Fig. 42). Fluoroscopy revealed this mass to be 
continuous with the arch of the aorta and to 





Frc. 38. Case xiv. Lett anterior oblique study show- 
ing lateral margin of the descending thoracic 
aorta (arrow), 


V 
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Pic. 39. Case xiv. Anteroposterior intravenous aorto- 
gram showing lateral wall of false channel (ar- 
rows). It measured 4-5 em. in diameter and was 


seen to best advantage on the left anterior oblique 
study. 


pulsate. The appearance was suggestive of an 
aneurysm of the innominate artery. Direct: 
Intravenous angiocardiograms in the antero- 


pan 





Fic. 40. Case xiv. Left anterior oblique intravenous 
aortogram showing the false channel. The lateral 
wall of the dissection is poorly defined (arrows). 
The true lumen of the aorta is impinged upon an- 


teriorlv. 
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Fic. 41. Case xiv. Surgical specimen of aorta distal 
to left subclavian artery, seen in cross section, Ar- 
row indicates true lumen of aorta which is nar- 
rowed by huge dissection adjacent to it. 


posterior projection revealed the mass in the 
right paratracheal region to be due to a dissect- 
ing aneurysm of the innominate artery. Only 
the central portion, z.e., 2 cm. of this vessel 
opacifhed during the procedure. Phe thoracic 
aorta was well opacified and was extremely 
tortuous. The distance between the opacified 
lumen of the thoracic aorta and 1ts outer mar- 
gin was 8 tog mm. The findings were indicative 
of a dissecting aneurysm of the aorta involving 
not only the thoracic aorta but the innominate 
artery as well (Fig. 43, Æ and B). Approxi- 
mately 4 cm. above the diaphragmatic dome 
the false lumen decreased in dimensions and at 
the diaphragmatic dome proper the dissection 
was no longer apparent, indicating re-entry in 
this region (Fig. 438). 

Comment. In view of the patients lack of 
complaints referable to the cardiovascular svs- 
tem and his response to urologic therapy, he 


was discharged 3 weeks after admission and is 
being followed in the cardiovascular clinic. 


DISCUSSION 
Although the history of dissecting aneu- 
rysm of the aorta dates back to the six- 
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reported in the literature up to 1960.* The 
voungest was ar infant 3 months of age and 
the oldest was a woman 100 years old.!? 
The autopsied cases varied from o.i per 
cent to I per cent.?: 7-17?! Our present series 
of 15 cases, all of which had roentgen 
studies, was seen during the last 24 
months. Angtocardiographic visualization 
of the dissection was obtained in 12 of these 
cases. 

The underlving pathology can be essen- 
tially divided into two patterns. The first 
and most common is the widespread ท อ - 
crosis of the media of the aorta, often 
associated with extensive dissection and 
multiple channels which may be demon- 
strable angioeardiographically. The other is 
the arteriosclerotic type associated with 
marked changes secondary to arteriosclero- 
sis involving both the intima and media. 
The media, which consists of elastic fibrils 
and compact layers of smooth muscle, is 
primarily responsible tor the strength and 
elasticity of the aorta.” 

A small tear through the intima and 
adjacent media permits the passage of 
aortic blood which is pumped at high pres- 
sure into the vessel wall." This occurs 





Fic. 42. Case xv. Posteroanterior chest roentgeno- 
gram showing the enlarged heart with a large soft 
tissue mass in the right paratracheal region, meas- 
uring 0 cm. in diameter. 
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Fic, 43. Case xv. (A) Intravenous anteroposterior and (B) left antenior oblique angiocardiograms showing 
dissecting aneurysm of the innominate artery and aorta. The central portion of the paratracheal mass, 


true n E did innominate artery, A 0 à 


in m. 
most often a few centimeters above the 
aortic valves or, less often, in the descend- 


ing aorta Just distal to the origin of the 
left subclavian artery.’ Re-entry, when it 
does occur, is at the sites of ง 
obstruction, z.e., the diaphragm or bifurca- 
tion of the abdominal aorta. 

The correlation of the pathologic process 
with the varied and sometimes bizarre 
clinical picture can be better understood if 
we remember that the dissecting process 
mav involve and extend along anv or all 
of the aortic branches. The > regional vascu- 
lar supply may, in fact, not only be di- 
minished but completely occluded. 

The following clinical conditions have 
been related to dissecting thoracic aneu- 
rvsms: Marfan's syndrome, hypertension, 
arteriosclerosis, pregnancv, aortic stenosis, 
coarctation of the aorta and trauma. Ex- 
perimentallv, it has been found that a toxic 
factor in M peas when fed to rats will 
produce scoliosis as well as medionecrosis 
of the arch of the aorta and subsequent 
dissection.” 


22 dE lumen va cm. PE of u 0 


Onlv in the last two decades have dis- 
secting aneurvsms of the aorta been 
recognized as the most frequent cardiac 
manifestation of Marfan's syndrome. Me- 
Kusic" discussed in detail the pathology of 
the aorta and major vessels as well as the 
allied abnormalities of the cardiovascular 
svstem associated with this disorder. 

The relationship of pregnancy to DEN 
dissections of the aorta is of interest? 
Out of 49 women below 40 vears of age, in 
24, aortic dissections occurred during preg- 
ท ล ท อ ห .15 Most of these cases were found in 
primiparas during the third. trimester, un- 
related to labor. 

Hypertension is by far the most common 
associated finding. It occurs in from so to 
8 ๐ per cent of the patients. 

The clinical features are varied and are 
related directly to the extent of the dissec- 
tion and the degree of involvement of 
specific visceral and parietal arteries. Fifty 
to 7o per cent of the patients are men, most 
of whom are over the age of co vears. By 
far, the largest group of younger individuals 
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are those in whom medial necrosis 1s related 
to Marfan's syndrome. 
Death occurred in 80-90 per cent of re- 
ported patients due to rupture of the aorta 
into the pericardial, thoracic or abdominal 
cavity. ^? Ten to 20 per cent survive the 
initial dissection but one-half of these pa- 
tients die at a later date as a result of ex- 
ternal rupture.’ The patients who survive 
are of the chronic type with a sponta- 
neously formed site of re-entry.’ This is the 
so called "double barreled” aorta? (Case 
u). 

Characteristically, there is a severe, tear- 
ing pain in the dest which mav tollow the 
path of the dissection. Syncope occurs in 
Io pere cent a ds cases. eae p 


res m be ' in the: upper or 
lower extremities. Other physical findings 
are related to the specific vessel involved. 
Paraplegia is related to involvement of the 
anterior spinal artery. Proptosis and Hor- 
ner's syndrome, secondary to occlusion of 
the great vessels, may also occur. Moersch 
and Sayre!’ reported a series of I2 cases 
of which almost half had neurologic signs 
due to interference with the blood supply 
of the spinal cord or brain. Pulsation of the 
sternoclavicular joint? or in the inguinal 
region may be an isolated finding. 

Physical findings may include an aortic 
diastolic murmur which has been noted in 
roughly 25 per cent of the cases. A pleural 
effusion, if present, is almost always on the 
left side. Displacement of the trachea or 
esophagus can be cause by contiguous 
pressure from the enlarged aorta. 

The most characteristic roentgeno- 
graphic finding is a definite change in the 
diameter of the aorta during a short inter- 
val between 2 successive examinations. 
The contour of the aorta is often 0 
in the area of dissection, with a resultant 
loss of sharpness of the aortic arch.!?^ This 
may be associated with an increase in the 
diameter of the great vessels at their ori- 
gins. Calcification in the aortic knob often 
assists in assessing the thickness of the 


we 
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aortic wall. The normal width of the aortic 
wall measures 2-3 mm.!^.? 

One other ' is obliteration of the 
notch below the aortic knob. A change in 
the diameter of the aorta (decrease) at the 
level of the diaphragm (Case Iv) may be 
indicative of re-entry. However, a definite 
diagnosis prior to surgery can only be 
made by means of contrast visualization." 
The first case diagnosed by angiocardiog- 
raphv!? was later documented at surgerv.* 

The discoverv of a larger number of 
cases followed by conclusive angiocardio- 
graphic demonstration is due to the devel- 
opment of simpler and more practical meth- 
ods of intravenous contrast roentgenog- 
raphv. For visualization of either the tho- 
racic or abdominal aorta, we have em- 
ploved a method which is simple and re- 
veals good detail of the aorta and false 
channels." This technical development, 
plus the fact that intravenous angiocardiog- 


raphv is possible in spite of occlusive 
pathology or the patient's age, permits a 


rapid and definitive study prior to surgical 
intervention. 

Visualization of the aorta by means of 
Intravenous angiocardiography may reveal 
one, or several findings, if a dissecting 
aneurvsm exists. There may be irregular 

narrowing of the main aortic channel. This 
was seen in onlv 1 of our cases, This mav be 
associated with widening of the wall of the 
aorta. Less commonly the false channel is 
demonstrated.” This is usually separated 
from the true lumen by a thin translucent 
linet? (Case 1, 11 and 1x). It is extremely 
important to determine the exact confines 
of the dissection and to localize the site of 
re-entry, if present. 

In general, we are opposed to the routine 
use of the retrograde catheter tech nique in 

this disease. In at least 10 per cent of pa- 
tients in the older age group, the retro- 
grade passage of a catheter into the arch of 
the aorta is not anatomically possible. In 
addition, the dissection may extend along 
the aortic bifurcation and the catheter 
may either be passed into the false lumen 
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or mav not pass at all. There is no question 
that anatomic detail is better but this must 
be evaluated against the potential of in- 
creasing the dimensions of the dissection. 
We emploved this route in Case v because 
of the unusual roentgen findings and the 
marked delav 1 ท emptving of the proximal 


aorta. 


Translumbar aortography mav in itself 


be responsible for the initiation of a dissec- 
tion of the aorta. We feel that it has no 
place in the contrast studies of dissecting 
aneurysms of the aorta. 

Early papers on surgical intervention and 
correction of the anatomic abnormalities 
associated with dissecting aneurvsms are 
worthy of study The favored surgical 
procedures are local resection or the crea- 
tion of an artificial site of re-entry. If a 
small area of the aorta is involved, it mav 
be possible to replace the diseased portion 
with a graft. It a larger area is involved, 
the surgeon may reconstruct the aorta so 
that both lumens, the true and false, empty 
into one distal channel. 

In view ot the still high operative mor- 
tality and the long duration of survival 
following a natural re-entrv, it is well to 
evaluate the role of surgerv in cases where 
a site of re-entry can be demonstrated bv 
means of angiocardiographv. 


SUMMARY 


Dissection of the thoracic aorta, particu- 
larly of the chronic tvpe, implying natural 
re-entrv, is far more common than hitherto 
appreciated. Close cooperation between the 
clinician and the radiologist, together 
with awareness of the related pathologic 
processes, will permit earlier diagnosis. 

Although conventional roentgen studies 
may raise a high level of suspicion, the ul- 
timate diagnosis of thoracic dissecting 
aneurysms prior to surgery rests with the 
contrast demonstration of the false chan- 
nels, increase in the thickness of the aortic 
wall and decrease in the size of the aortic 
lumen. Intravenous angiocardiography is 
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the safest and most practical method of 
study. 

Fifteen cases are presented, 12 of which 
had angiocardiographic investigation. 


Samuel D. Hemley, M.D. 
Department of Radiology 
St. Luke’s Hospital 

421 West t 15th Street 
New York 25, New York 


ADDENDUM 


Since the preparation of this paper, 8 addi- 
tional cases of dissecting aneuryms of the 
thoracic aorta have been studied by means of 
angiocardiography. 
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HE. diagnosis of dissecting aneurysms 

of the thoracic aorta by angiographic 
methods is discussed in the preceding 
article,! based on a series of 15 cases w hich 
were observed during a 24 mon ith period. In 
this article, an additional § cases are re- 
ported which were studied during the last 
9 months and in which intravenous aorto- 
grams of the thoracic aorta presented cer- 
tain problems in diagnosis. Comments on 
these problems will be made. 

Intravenous aortography? performed ina 
patient with a dissecting aneurvsm of the 
thoracic aorta reveals one or several find- 
ings. Occasionally, irregular narrowing of 
the main aortic ch annel is demonstrated. 
The most frequent finding, however, is 
widening of the wall of the aorta. Less 
commonly, the false channel is opacified bv 
the contrast agent. This false channel is 
usually separated from the true aortic 
lumen by a thin translucent linear shadow 

caused by a part of the aortic wall separating 
the true lumen from the e dissecting channel. 
Roentgenographic findings somewhat sim- 
ilar to these, but apparently not represent- 
ing dissecting aneurysms, were encountered 
in the following cases. 


REPORT OF CASES 


CASE I. A 49 year old white woman presented 
at the hospital with sudden deep pain under her 
left breast. The pain radiated to the left lumbar 
area. The blood pressure was 150/80 in both 
arms. The patient had long fingers and a high 
arched palate. A family history of one parent 
dying of a ruptured aorta was reported by the 
patient. A chest roentgenogram was nor mal. An 
intravenous aortogram (Fig. 1) was made and 
was interpreted as showing ล dissection begin- 
ning in the transverse portion of the arch of the 


* From the Department of Rad hologv, St. Luke's Hospital, 
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Intravenous aortogram in oblique 
The arrow indicates the area 


(ase 1. 
lateral protection. 
where contrast material was thought to be outside 


Fic. 1. 


be 


the lumen of the aorta. 


aorta. At operation, the aorta was opened and 
explored thoroughly. No dissection was seen. 
The patient is alive and asymptomatic 18 
months following surgical intervention. 


Case 1t, A 63 year old Negro female was ad- 
mitted to the hospiti al because of severe sub- 
sternal pain of § hours’ duration. Many bouts 
of chronic congestive failure due to arterioscle- 
rotic heart disease and associated hypertension 
preceded the present admission. She had been 
receiving digitalis and nitroglycerin for ap- 
proximately 6 months prior to the present in- 
cident. The chest pain was substernal, crushing 
in type, and radiated i nto the right arm. 

On physical examination the pulse was So and 
regular. The respirations were 36 An minute 
and the blood pressure was 186/80. The neck 
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Case 


bic: Intravenous aortogram in frontal 
projection. The lumen of the descending aorta 
scems to be normal, but contrast material appears 
to be outside the aortic lumen, separated by a thin 
strip of radiolucency (arrow), 


veins were distended and a blowing systolic 
murmur was heard along the left sternal border. 
The liver extended to a level 3 fingerbreadths 
below the right costal margin. 

The 
generalized cardiomeg: aly with prominence of 
the left ventricle. The aorta was tortuous and 
dilated and the lung fields revealed early con- 
gestive changes. 

An electrocar diogran 
branch block. 

Because of the inability to document a myo- 
cardial infarction either by electrocardiography 
or elinical means and in view of the persistence 
of intermittent substernal chest pain, an mtra- 
venous aortogram was made to determine the 
exact configuration of the aorta and to exclude 
the remote possibility of a dissecting aneurysm 


(Fig g. 2) 


€ 


~ 


showed left bundle 


Approximately 'a month and a half after ad- 
mission, the patient made slow progressive im- 
provement and was subsequ ently discharged 
with the diagnosis of hypertensive arterio- 
sclerotic heart disease associated with angina 
and mild congestive failure. The patient has 
been admitted to the hospital 3 months after 
this discharge for acute congestive failure and 
has subsequently been discharged. 
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chest roentgenogram showed evidence of 
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Case 111. A 02 year old Negro man entered 
the hospital because of progressive dysphagia of 
1 month's duration. Associated with this com- 
plaint was a 3c pound weight loss. 

On physical examination, the blood pressure 
was 116/72. A suggestion of a pericardial [tes 
tion rub was aeard over the entire pericardium. 

Since the chest roentgenogram revealed 
marked elongation and dilatation. of the tho- 
racic aorta, an intravenous anglocardiogram was 
made in order to exclude an aneurysm (Fig. 3). 
There was ro evidence of an aneurvsm, al. 
though the thoracic aorta was dilated. 

The patient died $ months after admission of 
carcinoma of the esophagus with mediastinal 
spread. 


Case iv. A $7 year old Negro male entered 
the hospital ER ause of pain in the left arm and 
left flank of 6 hours’ duration. The patient was 
well until 10 days prior to admission when he 
noted the orset of intermittent anterior chest 
pain, 

Physica: examination revealed the blood pres- 
sure to be 170/60. The pulse was 9o and 
respirations were 2 7 per minute, À systolic mur- 
mur was present to the left of the sternal border 
and radiatec to the cardiac apex. Laboratory 


data were normal. 





in the 
(Case 1), con- 


Intravenous 


Case 111, 
frontal projection. As in Figure 2 
trast material appears to be outside the lumen of 
the descending thoracic aorta. 


Dio. 3 aortogram 
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study revealed a tortuous 
elongated aorta with the suggestion of an 
aneurysm of m aie arch. An intravenous 
aortogram (Fig. 4) was made. Subsequent study 
of the patient e ated mild diabetes mellizus, 
controlled by diet alone. The patient was dis- 
charged from the hospital shortly thereafter. 
There has been no recurrence of chest pain 
since discharge. 


A rourine chest 


Case V. A g4 vear old longshoreman was ad- 


mitted to the hospital with a 4 day history of 


fever and chills. A chest 
V caled a right lower lobe pneumonia. Micro- 
scopic hematuria also was found. Cystoscopy, 
and intravenous and retrograde pyelography 
were normal. The pneumonie infiltration, 
microscopic hematuria and fever cleared with 
antibiotic therapy. Because the patient's body 
measurements suggested a possible Marfan's 
svndrome and because the chest roentgenogram 
showed a large ascending aorta, possibly aneu- 
rysmal, intravenous  aortogr: why was per- 
formed. The lateral study (Fig. 5) showed what 
ei ied to be a double lumen in n e arch of the 


roentgenogran re- 


aorta, Further study, however, indicated tha 
d “false channel" opacified earlier than the 


true aortic lumen (Fig. 6). It was suspected that 
this structure represented a vein, unusually di- 
lated, possibly secondary to venous obstruc- 





Intravenous 


hic. 4. Case tv. 
projection. Contrast material appears 


side the aortic Jumen along the arch of the aort 
(arrow). 


aortogram in lateral 
to be out- 
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lic. g. Case v. Intravenous aortogram in lateral 
projection. The arrow points to what appears to be 
a "double lumen” of the arch of the aorta. 





tion, Subsequent angiocardiograms proved that 
this was the situation (Fig. 7 and 8). Occlusion 
of the innominate vein was demonstrated. An 
extensive venous anastomotic system had 
developed. One of these dilated veins was the 
highest left intercostal vein, the course of which 
paralleled 5 tr 7 ฮ ฝ โ nud tions 


lateral 0 fa Dey ina false ^ ) false 


channel, 


DISCUSSION 


Our experience with the angiocardio- 
graphic demonstration of dissecting an- 
eurysms of the thoracic aorta has indicated 
that the diagnosis can be made with cer- 
tainty when the width of the aortic wall is 
shown to be more than 4 to § mm. In cases 
where contrast material is thought to be 
outside the lumen of the aorta but where 
the thickness of the aortic wall and/or 
the suspected false channel measures less 
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than 4 mm. in width, caution in making the 


diagnosis 1 จ indicated. 

Case 1 was examined early in our experi- 
ence with the aortographic demonstration 
of dissections. The clinical evidence of a 
dissecting areurvsm was strong. The pa- 
tient was thought to have the Marfan syn- 
drome and she had experienced the sudden 
onset of severe chest pain. On the aorto- 
gram (Fig. 1) contrast material was thought 
to be outside the lumen of the aorta. Opera- 
tive intervention was undertaken and a 
thorough surgical exploration failed to dis- 
close a dissection. In fact, despite the ap- 
parent presence of contrast material out- 
side the aortic lumen, the visualized aortic 
wall measured only 3 mm. in thickness. It ts 
worthy of note that this finding was อ ท - 
countered onlv in the oblique projection, 
the frontal view being within normal limits. 
111, and 1v were less problemat- 



































Fic. 6. Case v. An earlier roentgenogram in the 
series indicates that the "false channel" opacified 


arber than the true aortic lumen. 











j M 


v. The lateral angiocardiogram shows 


Fic. 7. Case v. Subsequent frontal angiocardiogram 








showed occlusion of the innominate vein. An exten- of the dilated highest left intercostal 
sive venous anastomotic system has developed. vein along the arch of the aorta. Opacification of 
The arrow points to the dilated highest left inter- this vein in the lateral aortogram had resulted in a 


costal vein, false "false channel." 
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ical. The diagnosis of dissecting aneurvsm 
was not suggested by the clinical history 
and aortographies were performed for 
other reasons. But again the studies sug- 
gested that, although the aortic channel 
was normal in appearance, contrast mate- 
rial appeared to be outside the aortic 
lumen, separated bv a thin strip of radio- 
lucencv. In 2 of these cases, the finding was 
noted เท the frontal projection; in the third 
instance, in the oblique lateral projection 
as in Case 1. 

‘o definite explanation for this unusual 
opacification of what is thought to be a 
normal aorta 1s readily available. It is pos- 
sible that opacification of adventitial vas- 
cular structures may be involved, and that 
contrast material in these vessels mav be 
identified outside the aortic lumen and thus 
imitate a dissecting aneurysm. In other 





4. 


instances, it is possible that opacification of 


venous structures such as the highest inter- 
costal vein in the region of the aortic arch 
may simulate a dissection of the thoracic 
aorta. In Case v, the highest left intercostal 


vein, dilated secondarv to obstruction of 
the innominate vein, followed the course of 


the aortic arch. When both the vein and 
the aorta were opacified, a false "false 
channel" could be misinterpreted on the 
late serial roentgenograms. 

The possibility that an elongated tumor 
mass contiguous to the aorta might resem- 
ble a thickened aortic wall suggested itself.* 
However, the appearance of the aortic 
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lumen and wall on multiple projections 
might assist 1 ท differentiating this patho- 
logic entity from a dissecting aneurysm. 


SUMMARY AND CONCLUSIONS 


Several cases illustrating certain prob- 
lems and errors in the angiographic diagno- 
sis of dissecting aneurysms of the thoracic 
aorta are presented. In these cases contrast 
material appeared to be outside the lumen 
of the aorta but the width of the aortic wall 
measured less than 4 to $ mm. It is sug- 
gested that this opacification, simulating a 
dissection, may represent either adventitial 
vascular opacification or venous structures. 


Virginia kanick, M.D. 
Department of Radiology 
St. Luke's Hospital 

421 West 113th Street 
New York 25, New York 
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THORACIC AORTIC RUPTURE* 
REPORT OF 4 CASES 
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ECENTLY, in a discussion of the 
pathogenesis of impending thoracic 
aortic rupture, it was pointed out that 
the radiologist, because he was often the 
first to see the roentgenogram, had a 
unique role in diagnosing threatening 


aortic rupture.” Furthermore, because of 


improvements in surgical techniques, espe- 
cially the development of a pump oxygena- 
tor, plastic grafting materials, and blood 
replacement, treatment by resection of 
even the ruptured aorta has become prac- 


tical and, indeed, offers the only hope of 


survival. 

The thoracic aorta, surrounded by air 
containing tissues in much of its course, is 
roentgenographically visible. Calcium in 
the aortic wall further enhances visibility 
when arteriosclerosis is present. However, 


when dilatation, tortuosity, unfolc ling, and 


kinking of the ก 0 aorta occur, it may 
be difficult, if not impossible bv conven- 
tional roentgenography to distinguish it 
from the surrounding structures. The recog- 
nition of thoracic aneurysm may also be 
rendered more difficult by an intraluminal 
thrombus preventing the usual pulsation. 
Contrast visualization of the thoracic aorta 
either via the intravenous route,’ or by 
percutaneous retrograde femoral aortog- 
raphy, has provided safe and practical 
methods of visualizing the thoracic aorta. 
When rupture of an aneurysm threatens, 
there are often premonitory symptoms and 
signs. Findings of conventional and con- 
trast roentgenograms of the thorax also 
may permit diagnosis of impending aortic 
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rupture. Herein are reported 4 cases illus- 
trating the roentgen aspects of threatened 
aortic rupture. 


REPORT OF CASES 


Case 1. A 65 year old Caucasian housewife 
CN. Y.H.. No. 455268) was admitted for the 
fourth time in April, 1959, with a complaint of 
chest pain of 8 days’ duration. She had been 
first admitted in 1949, because of failing vision. 
She had a history of having had a positive sero- 
logic blood test (Wassermann) in 1932. Ad- 
vanced primary pigmentary degeneration of the 
retina of both eyes was the only abnormal find- 
ing on physical examination, The spinal fluid 
revealed a normal serologic test (Wassermann) 
with a normal colloidal gold curve. After a 10 
o course of Penn 0 ie was | dis- 
ch in the left cheer Her COMM was 
130/70 mm. Hg, and her heart was enlarged to 
the left of the anterior axillary line. Diastolic 
and systolic murmurs were heard at the base of 
the heart. The electrocardiogram was normal, 
and she was again treated with penicillin. Later, 
in 1966, she was re-admitted because of pre- 
cordial pain radiating to the left arm. The blood 
pressure was 218/78 mm. Hg, and the heart 
was enlarged. เย systolic and diastolic 
murmurs radiating into the neck were again 
heard in the aortic area. A roentgenogram of the 
chest showed enlargement of the left ventricle 
with prominence of the aortic knob. A 2 cm. 
aneurysm was detected lateral to the calcium- 
defined border of the aortic arch (Fig. 1.7). 
There were also calcifications of the ascending 
aorta. 

Fight days prior to the final admission 
(April, 1959), the patient deve sloped sudden on- 
set of dyspnea, palpitation, vertigo, nausea, 


* From the Department of Radiology, The New York Hospital - Cornell Medical Center, New York, New York, and the Department 
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University of Oregon Medical School, Portland, Oregon. 
Aided by grants from the Mallinckrodt Chemical Works, USPHS (H 3275) and (H 
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Fic. 1. Case 1. Aortic rupture into the left pleural space. (A) Yeleroentgenogram made 3 
of an aortic aneurysm (upper arrow). Note the enlarged left ventricle and dilated ascending aorta, lined 


with calcium (lower arrows). 


vomiting, and severe pain and tenderness in the 
anterior and lateral aspects of the left chest 
radiating into the left arm. 

Physical examination disclosed an obese, pale 
woman in respiratory distress, เทา rap- 
idly. The pulse was also rapid and the blood 
pressure was 170/70 mm. Hg. The trachea was 
shifted to the right and signs of fluid were 
elicited in the left hemithorax; the right lung 
was clear. The heart sounds were distant, the 
rhythm was regular, and a loud svstolic mur- 
mur was heard at the base of the heart. The 
pulse was Corrigan in tvpe. 

Laboratory data revealed: 
gm./ 100 CC.; งา tes, 
ห vte count, 12,5 
tation rate ก ห 41 mm. in 1 en 1 he 
blood serologic test (Mazzini) was doubtful, 
and the Wassermann test was negative. A 
roentgenogram showed a markedly enlarged 
aortic shadow with cardiac displacement due 
to a huge left pleural effusion (Fig. 18). Rup- 
ture of an aneurysm of the aorta was diagnosed 
and confirmed by thoracentesis of grossly 
bloody fluid. The surgical consultant was re- 
luctant to attempt the repair of the aortic rup- 
ture in view of her long standing aortic valvu- 
lar regurgitation. The patient became more 
dyspneic, fluid reaccumulated in the left hemi- 


hemoglobin, 12 
$6 ces ete mm. ; 
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(B) Bedside roentgenogram of the 
(arrow) and left pleural effusion displacing the heart. 
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years prior to rupture 


chest showing the huge aortic aneurvsm 


thorax, and finally coma and death followed 8 
days after admission and 16 davs after the on- 
set of symptoms. 

Postmortem examination revealed 2,000 cc. 
of dark, bloody fluid in the left pleural cavitv 
from a ruptured aortic aneurysm. The left lung 
was almost completely collapsed and showed 
atelectasis. The heart weighed 520 gm.; the left 
ventricular wall measured 23 mm., the right 
was 7 mm. The aortic valve was moderatel vn 
sufficient, | but the aortic cusps and commissures 
were intact, translucent, and normal. The 
coronary arteries were marked thickened, 
atherosclerotic, and the lumina of the branches 
of the anterior descending and circumflex ar- 
teries were pinpoint in size with scarring of the 
myocardium in their distribution. Extensive 
interstitial myocardial fibrosis was seen. Fhe 
thoracic aorta was markedly dilated, a and 
extensively involved with vellow, friable, 
atheromatous plaques s. งา ซา ma el Loci, 
beyond the origin of the left subclavian artery 
on the convexity of the arch, there was a saccu- 
lar aortic aneurysm measuring 7 cm. in great- 
est diameter and partially filled with old and 
recent laminated thrombus. In the lateral in- 
ferior margin of the aneurysm, there was a 1 cm. 
rupture. Extensive arteriosclerosis of the ab- 
dominal aorta and its greater branches was also 


present, The final anatomic diagnosis was 
syphilitic cardiovascular disease with aortitis, 
aortic insufficiency, and ruptured aortic aneu- 
rysm into the left pleural cavity. 


Cask i. A so vear old man had always been 
well except for intermittent pain over the neck 
of several years’ duration. A roentgenogram of 
the chest (August 28, 1959) disclosed a left 
hilar mass not present previously. He was hos- 
pitalized elsewhere. Physical examination was 
normal. Roentgenograms and laminagrams re- 
vealed a small left hilar mass and increased con- 
vexity of the descending aorta (Fig. 2, 4, B 
and C). The electrocardiogram was normal. 
Bronchoscopy showed the left main. bronchus 
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Fic. 2. Case n. Impending aortic rupture simu- 
lating lung neoplasm. (A) Teleroentgeno- 
gram a few months prior to aortic rupture 
showing a normal cardiac silhouette and 
thoracic aorta. (B) Teleroentgenogram a 
day before hemoptysis disclosing a lett 
hilar mass and a large dilated descending 


Fa 


aorta (arrow), (C) Laminagram, the same 


ง 


dav, also showing the left hilar mass and the 


markedly dilated descending aorta (arrow). 


displaced medially by an extrinsic mass. Aspi- 
ated exudate revealed no abnormal cells. An- 
giocardiograms were erroneously interpreted as 
showing a nonvascular left hilar mass. The pa- 
tient had a slight fever, blood streaked spu- 
tum, leukocytosis, and increasing back pain for 
the next g days. Suddenly, he became dyspneic, 
cyanotic, coughed up a large blood clot and 
died. 

Postmortem examination revealed a massive 
2,600 cc.) clotted hemorrhage in the left pleu- 
ral space caused by a rupture of the thoracic 
aorta, There was an area of hemorrhage 6 cm. 
in diameter in the left hilus. This had dissected 
beneath the pleura and into lung parenchyma. 
The heart showed only mild coronary artery 
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calcification. The aorta was tortuous and 
atheromatous, especially the descending and 
abdominal portions. The aorta was dissected 
from the region of the third to the tenth thora- 
cic vertebrae, Below, in the region of the tenth 
thoracic vertebra, there was a saccular 4 by 3 
by 3cm. nonruptured dilatation of the descend- 
ing aorta. Another 3 by 3 by 3 cm. (intact) 
aneurysm was present at the bifurcation of the 
abdominal aorta. Death had resulted from mas- 
sive rupture of a slowly leaking dissecting 
aneurysm of the thoracic aorta into the pleural 
cavitv. 


Case ut. Two days before hospitalization, a 
75 year old housewife (U.O.M.S. No. 2-12-07) 
experienced the abrupt onset of profound gen- 
eralized weakness and severe precordial pain 
which radiated into the right upper abdomen. 
Physical examination revealed dullness at the 
lung base, soft apical systolic and rough aortic 
diastolic murmurs. Her record indicated. sero- 
positive syphilis, Chest roentgenograms made 
on the first and third hospital days (Fig. 3, .7 
and B) showed a marked interval increase in 
the size of the cardiac silhouette and bilateral 
pleural fluid. During the remaining 3 days of 
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Case in. Rupture of aorta into pericardium. (A) Chest roentgenogram made on the first day of admis- 
sion shows the heart to be enlarged and the descending aortic shadow is visible through the cardiac sil- 
houette (arrow). (B) Roentgenogram made on the third hospital day discloses marked increase in the car- 
diac silhouette. Pleural fluid is present bilaterally and the aortic knob is enlarged. The rapidity of cardiac 
enlargement Cudged by intervening roentgenograms) and the configuration of the heart on this and other 
roentgenograms indicate a hemopericardium. 


her life, she complained of ล smothering sensa- 
tion whenever she tried to lie down. Death came 
suddenly and was ascribed to congestive heart 
failure. 

At autopsy, the aorta was found to be rup- 
tured. Approximately r,ooo cc. of blood had 
entered the pericardial sac through a 1 em. tear 
a short distance above the posterior aortic 
valve cusp. In addition, there was diffuse, prob- 
ablv acute hemorrhage extending into pulmo- 
narv interstitial tissue along the pulmonary 
arteries and interlobar fissures, It was estimated 
that blood had been in the pericardial space for 
at least 2 or 3 davs, and probably accounting 
for the duration of symptoms. While the aorta 
exhibited severe arteriosclerotic change, it was 
not significantly dilated, and did not present 
the usual finding of syphilitic aortitis. 


Case iv. A 12 year old boy (L.O.M.S. No. 
26-20-69) was admitted to the hospital because 
of a sharply delineated, ovoid density in the left 
perihilar region which appeared 4 months fol- 
lowing the apparently successful resection and 
end-to-end re-anastomosis of a classic coarcta- 
tion of the aorta. Although the mass was non- 
pulsatile, its shadow merged with that of the 
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aorta and appeared to be progressively enlarg- 
ing (Fig. 4, 4 and B). Emergency angiocardiog- 
raphy (Fig. 4, C and D) revealed that the left 
hilar density was a thick walled false aneurysm 
arising and filling from the descending aorta at 
the level of the previous aortic anastomosis. At 
subsequent thoracotomy, the diagnosis was 
confirmed, the lesion resected, and a graft in- 
serted in the resulting gap. The patient is alive 
and well. Examination of the surgical specimen 
indicated that slow leakage at the suture line 
had caused formation of a false aneurysmal 
cavity within an envelope of reactive inflamma- 
tory connective tissue. Layered thrombus 
added to the thickness of the wall. 


DISCUSSION 

In a recent paper, it was emphasized 
that diagnosis of impending rupture of the 
aorta depended on recognition of trans- 
mural hemorrhage and aortic en nlargement. 
Both of these factors were present in the 4 
cases described above. In Case 1, diagnosis 
of aortic rupture became evident following 
sudden chest pain and left pleural effusion 
in the 65 vear old syphilitic woman who 
had had an enlarging aortic aneurysm 
(Fig. 15). Thoracentesis established the 
diagnosis of rupture of the aorta 9 davs 
before death. Unfortunatelv, operation was 
not attempted. In Case 11, practically all 
the signs and symptoms of threatening 
aortic rupture went E i during 
the 9 days preceding death. These included 
a left hilar mass, marked convexitv of the 
descending aorta which had not been pres- 
ent In a previous roentgenogram of the 
chest (Fig. 2, Z and B), and hemoptvsis. 
In retropsect, the angiocardiogram showed 
opacification of a left hilar mass, but the 
presumptive diagnosis of lung cancer was 
uppermost and may have led to the incor- 
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rect interpretation of a nonvascular mass. 
In Case i, the contour as well as the 
magnitude and rapidity of enlargement of 
the cardiovascular silhouette gave pre- 
sumptive roentgenologic evidence of a 
hemopericardium (Fig. 35). Lacking clini- 
cal or laboratory proof of myocardial in- 
farction or an inflammatory process, a 
mechanical explanation (pericardial tam- 
ponade), and perhaps an effort at surgical 
correction would have been justified. In 
Case 1v, the patient's recent history of re- 
pair of a coarctation and roentgen evidence 
of an enlarging para-aortic mass (Fig. 4, Z 
and B) led to the establishment by cone 
trast visualization (Fig. 4, C and D) of the 
correct diagnosis, and subsequent life- 
saving surgery. 


SUMMARY AND CONCLUSIONS 


Thoracic aortic rupture was fatal in 3 
of the 4 patients. In the first case, progres- 
sive enlargement of an aortic aneurvsm 
was observed for several months in a syphi- 
litice woman with aortic. regurgitation. 
Aortic rupture began with severe chest 
pain and hemothorax. Despite the rupture, 
the patient lived for 16 davs. Even though 
postmortem study revealed extensive cor- 
onary artery and aortic atherosclerosis, re- 
section of the aneurysm and replacement 
with a graft might have prolonged life. In 
the second case, failure to recognize the 
significance of hemoptysis, mediastinal 
hemorrhagic seepage, and progressive dila- 
tation of the descending aorta resulted ina 
mistaken diagnosis of lung cancer. Here 
too, 9 days elapsed before fatal left hemo- 
thorax ensued. In the third patient, failure 
to appreciate the significance of a rapidly 
enlarging cardiac silhouette prevented the 


poorly shown. (D) Three seconds later, the periphery of the para-aortic mass (between white arrows) is 
nonvascular, and a t by 2 em. ovoid contrat cavity (black arrow) fills from the aorta at the site of surgery. 
Delayed emptying is shown. This is the characteristic appearance of a false aneurysm at an aortic suture 
line. Laminated thrombus and reactive change account for the thickened wall. 
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diagnosis of hemopericardium due to 
localized aortic rupture just above the 
posterior aortic cusp. In this instance, 
cardiac tamponade allowed the patient to 
live only 5 days. In the last case, progres- 
sive enlargement of the descending aortic 
shadow 4 months after resection for coarc- 
tation of the aorta was demonstrated to be 
a thick walled false aneurysm by angio- 
cardiography. Resection of the aneurysm 
and insertion of a graft were curative. 
Fatal rupture of the aorta or thoracic 
aortic aneurysm, including those classified 
as dissecting, is often preceded bv trans- 
mural seepage of blood and progressive 
dilatation of the aorta at the site of im- 
pending rupture. Premonitory manifesta- 
tions may precede catastrophic rupture by 
several weeks or only a few hours, but may 
provide ample opportunity to establish the 
diagnosis 1n time to prevent death. Clinical 
findings of importance include those of un- 
explained hemoptysis, a rapidly expanding 
mediastinal mass, the sudden appearance 
and rapid accumulation of blood in the 
pleural or pericardial spaces, known disease, 
` predisposition to disease of the aorta, 
and the occurrence of severe chest pain 
unexplained by electrocardiograms. A diag- 
nosis of acute dissecting aneurysm implies 
probably, though not inevitably, death 
through external rupture. 
The significant manifestations of tho- 
racic aortic rupture include progressive en- 
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largement and loss in border sharpness of 
the aorta or an aortic aneurysm, especially 
when accompanied by adjacent pulmonary 
infiltrative densities and of the sudden ap- 
pearance and rapid accumulation of pleural 
or pericardial fluid; particularly in the pres- 
ence of collateral evidence of aortic disease. 
Pitfalls include bronchogenic carcinoma, 
bronchopneumonia, mediastinal or hilar 
lymph node enlargement, and heart failure. 
The most common error is failure to re ecog- 
nize the presence or significance of interval 
changes in the aortic margin. Once sus- 
pected, the diagnosis of impending aortic 
rupture can be confirmed decisively by con- 
trast visualization, the risk of which is 
negligible by comparison to that of the 
missed diagnosis. 

Israel Steinberg, M.D. 

The New York Hospital--Cornell 
§25 East 68th Street 

New York 21, New York 
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TRAUMATIC ANEURYSM OF THE 
THORACIC AORTA* 
A FURTHER REPORT 


By ISRAEL STEINBERG, M.D.i 


NEW YORK, NEW YORK 
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N 1958, the roentgen features of acute 

and chronic types of traumatic aneu- 
rvsm of the thoracic aorta were published 
in this JouRNarL.!* Since then, 3 “patients 
with chronic traumatic aortic aneurysms 
were studied at this center. In addition, the 
patient reported by Sarot and Lazzarini" 
in 19:4 had angtocardiographic visualiza- 
tion of the end-to-side homograft which 
had been inserted 9 years previously fol- 
lowing a traumatic aneurysm of the thoracic 
aorta that had occurred in an automobile 
accident 14 vears earlier. These data, with 
a brief review of some of the literature on 
traumatic aneurysms of the thoracic aorta 
published since 1957, ^9 599 form the 
basis of this report and serve to re-empha- 
size the importance of having a high index 
of suspicion. whenever the characteristic 
location of a traumatic aneurysm, at the 
top of the thoracic aorta, is encountered. 


REPORT OF CASES 


Case 1. An asymptomatic 45 year old man 
(N.Y.H. No. 926610) was referred following the 
finding of a calcified mass in the mediastinum 
after a routine roentgenogram of the chest (Pig. 
1,1). At the age of 12 years in an automo- 





Fic. 1. Case 1. Chronic traumatic aneurysm of the 
thoracic aorta of 33 years duration. (4) Frontal 
esophagram showing a large left superior medi- 
astinal mass lined with calcium in the region of 
the aortic knob, (4) Left anterior oblique esopha- 
gram demonstrating the mass behind the esophagus 
and located at the top of the descending aorta. (C) 
Right anterior oblique esophagram disclosing the 
large calcium rimmed mass indenting the 

esophagus. 


bile accident he struck his chest against the 
dashboard. He was hospitalized for a week and 
was treated bv adhesive strapping of the thorax. 
Following this, he was well and rarely visited a 





* From the Departments of Radiology and Medicine, The New York Hospital-Cornell Medical Center, New York, New York, 


Aided by a grant from the Mallinckrodt Chemical Works. 


1 Recipient of Investigatorship of the Health Research Council of the City of New York under contract 1-258. 
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physician, Recently, because of a cold, a roent- 
genogram of the chest was ordered. 

Physical examination. was entirely normal. 
The blood pressure was equal in each arm, 
measuring 140/90 mm. Hg. Serologic studies 
for syphilis were negative; he also denied 
venereal disease. Conventional roentgenography 
of the chest disclosed a large linear calcified left 
superior mediastinal mass in the region of the 
aortic knob which indented the esophagus 
medially (Fig. 1.7) and posteriorly (Fig. 1, 
B and C). Biplane simultaneous angiocardio- 
grams on October 24, 1962, showed a 7 bv 5 cm. 
saccular aneurysm containing linear calcifica- 
tions, beginning just beyond the origin of the 
left subclavian artery (Fig. 1, D and E). An. 
other angiocardiographie study, in the left 
anterior oblique view, also demonstrated the 
aneurysm at the top of the descending aorta 
(Fig. 17). Resection of the aneurysm and re- 
placement by a synthetic material graft was ad- 
vised, especially because of the good condition 
of the patient. As yet surgery has not been ac- 
cepted by the patient. 


Case 11. A 28 year old male pedestrian was 
struck by a car in 1950, He had been fung to 
the ground and had sustained fractures of the 
right leg and injuries to the head. In 1927, an 
abnormal shadow was discovered on a routine 
roentgenogram of the chest. In 1962, a left 
chest operation was performed. While on his 
honeymoon in New York in 1963, another rou- 
tine chest roentgenogram was made. It demon- 
strated a large left mediastinal mass lined with 
calcium in the characteristic location of a trau- 
matic thoracic aneurysm, at the top of the aorta 
(Fig. 2). The report of the findings upset the pa- 
tient very much because he had been led to be- 
lieve that the thoracic lesion had been removed 
by the operation. He was informed that the 
roentgenogram showed evidence of a left 
thoracotomy (Fig. 2), but that the mediastinal 
lesion had apparently not been resected. The 
patient promised to return for further studies 
and surgical excision of the aneurysm. 


Case mr. A 33 year old man (N.Y.H. No. 
552582) fell from the window of his ninth floor 
apartment to the ground and sustained multiple 
compound fractures of the legs, 9 years prior to 
admission to the hospital. Osteomvelitis of the 
left leg developed. In the ensuing vears, he had 
had several surgical procedures for relief of this 
complication. During an admission to a neigh- 
boring orthopedic hospital in 1957, a routine 


Traumatic Aneurysm of the Thoracic Aorta 





Fic, 2. Case 11. Chronic traumatic aneurysm of 7 
years’ duration, Frontal teleroentgenogram of the 
chest showing a large calcified mass in the upper 
left hilus. 


roentgenogram of the chest disclosed a large 
bulge in the region of the aortic knob. He denied 
having chest pain, hoarseness, hemoptysis, 
cough, chills, or fever. 

In 1959, re-examination of the chest showed 
the left mediastinal mass to be somewhat larger 
(Fig. 34). Angiocardiographic study on June 16, 
1959, showed a large 4 by 4 cm. saccular 
aneurysm at the top of the aorta (Fig. 3, B and 
C). The blood pressure was equal in both arms 
and measured 140/90 mm. Hg. Roentgen 
studies of the lower extremities showed old 
healed fracture of the mid-portion of each 
femoral shaft, with an intramedullary rod in the 
right femur. Resection of the aneurysm and re- 
placement by a synthetic graft were done on 
June 1, 1960. At gross examination the aneu- 
rysm measured 4 by 4 cm., the adventitia and 
intima were smooth and there was no rupture. 
Histologic section of the aneurysm showed a 
thin intima and hyalinized wall. Paralysis of 
the recurrent nerve followed the operation. 
Otherwise, recovery was uneventful. 

Recent follow-up examination disclosed that 


the patient was in good health. The conven- 


tional roentgenogram of the chest showed a 
hypoplastic aortic arch (Fig. 3D). Simultaneous 
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Fic. 3. Case mu. Chronic traumatic aneurysm of 9 
years’ duration; resection performed despite asympto- 
matic state of the patient because of enlargement of 
aneurysm on serial roentgen studies. (A) Frontal 
teleroentgenogram of the chest showing a left 
upper mediastinal bulge without calcification in 
the region of the aortic knob. 


biplane angiocardiographic studies, in frontal 
and lateral views, revealed a well functioning 
prosthetic graft in the thoracic aorta (Fig. 3, Æ 
and P). 
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Case 1v. In 1924, a 38 vear old woman de- 
veloped severe cough and left shoulder pain 14 
vears after à severe automobile accident. She 
consulted Dr. Irving A. Sarot, and he estab- 
lished that there was a traumatic thoracic 
aortic aneurysm (Fig. 47). At operation on 
October 20, 1954, the aneurysm was resected 
and aortic arch continuity was secured by an 
end-to-side homograft. The patient had been 
asymptomatic and well for the past g years 
(Fig. 4, B and C). In order to visualize the graft 
more clearly, angiocardiographic studies in 
frontal and left anterior oblique views were 
made on November 1, 1962. An intact and well 
functioning end.to-side thoracic aortic homo- 
graft was visualized (Fig. 4, D and £). 


DISCUSSION 


Rupture of the thoracic aorta due to 
blunt trauma occurs at the top of the aorta. 
This is explained by the physical forces 
which are concerned with deceleration act- 
ing with undue stress on the aorta, produc- 
ing a tear just bevond the point of fixation 
by the brachiocephalic arteries and the 
insertion of the ligamentum arteriosum. In 
the majoritv of cases, the aortic rupture 1s 
through-and-through and involves all the 
lavers of the aorta. In a small group of cases 


Vic. 3. (B) Frontal angiocardiogram revealing a saccular aneurysm at the top of the aorta. (C) Left 


anterior oblique angiocardiogram also demonstrating the aneurysm. 
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rupture is incomplete, the adventitia being 
preserved and dissected from the medial 
laver by thrombus. When all the lavers of 
the thoracic aorta are torn, fatal hemor- 
rhage usually results. In a few, especially 
when the adventitia 1s spared, there may 
be organization of the thrombus with a 
connective tissue wall and formation of a 
false aneurysm following recovery. In the 


chronic stage, deposition of calcium in the 
aneurysm very often takes place. 


Traumatic aneurysms of the thoracic 
aorta mav be classified as acute and chron- 
ic. ^5 Following an automobile accident, 
unconsciousness, shock, multiple fractures, 
and internal injuries may divert attention 
away from the thorax, especially when the 





Fic. 5. 
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(D) Frontal conventional roentgenogram of 
the chest made 3 years following resection of the 
traumatic aneurysm. (E) Frontal angiocardiogram 
revealing the intact teflon graft replacing the 
aneurysm. (F) Lateral angiocardiogram (biplane 
view of E) showing the intact graft to better 
advantage. 


1299 





lic, 4. Case iv. Aagiocardiographic demonstration of 
an intact end-to-side homograft made 0 years after 
resection of a chronic traumatic aneurysm of the 
thoracic aorta. (A) Frontal teleroentgenogram of 
the chest made 14 years after an automobile 
accident because of severe cough and left shoulder 
pain, 


external evidence of thoracic injury is 
trivial, resulting in an overlooked rupture 
of the aorta. It is for this reason that routine 
serial roentgenograms of the chest are 
recommended tor every patient involved in 
a vehicular accident; and this, with a high 
index of suspicion, has resulted in diagnosis 
of aortic rupture during life.*!9.1233. 55.16.18 
Earlv, following injurv, serial roentgeno- 
grams may reveal mediastinal bleeding by 
showing progressive mediastinal widening, 
obscuration of the aortic arch, and fluid in 
the left hemithorax.* Later, in a few days 
to 3 or 4 weeks, a localized bulge appears 
adjacent to and indistinguishable from the 
aortic knob; the aneurvsm then becomes 
chronic, localized, and distinct. Within a 
vear, a large dense rounded mass appears 
at the top of the aorta—a characteristic 
location. With the passage of time, calcium 
may be deposited in the walls of the chronic 
traumatic aneurysm in layers or diffusely.!? 

Often, the finding of a mediastinal mass 
containing calcium in a chance or routine 
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Conventional frontal teleroentgenogram of the chest made y years after resection of the chronic 
traumatic aneurysm of the thoracic aorta. Note the calcification of the wall of the graft. (C) 
oblique roentgenogram of the chest also shows calcification of the homogratt. (D) Frontal an 

showing the intact homograft. (E) Left anterior oblique angiocardiogram showing the end-to-side appear- 
ance of the homograft. (Fi 
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roentgenogram of the chest in an asympto- 


matic individual may be the first inkling of 


a chronic traumatic aneurysm. After angio- 
cardiography demonstrates that the medi- 
astinal mass is vascular, the characteristic 
location at the top of the aorta, the absence 
of a positive serologic test for syphilis, and 
the history of trauma establish the diag- 
nosis.'5 [n other patients chest pain, 
cough, hoarseness, or hemoptysis may lead 
to roentgen study of the thorax and dis- 
coverv of a left superior mediastinal mass. 
If the aneurysm produces symptoms, it 
must be assumed that it 1s enlarging and in 
danger of rupturing. In these cases resec- 


tion 1s indicated. Indeed, enlarging aneu- 


rysms, even in the absence of symptoms, 
progress toward rupture and should be 
removed. 

The 3 new cases with chronic traumatic 
เอา o of the thoracic aorta herein re- 
ported were asymptomatic. The diagnosis 
of traumatic aneurvsm followed discovery 


on a chance roentgenogram of the chest of 


a mediastinal mass, which in 2 instances 
was calcified. The time that had elapsed 
a chest trauma and a varied 
from 7 years in Case 11 to 33 vears in Case 1. 
m contrast to เด id mpromatic cases, 


p symptomatic - vears s after trauma. 
Diagnosis in her case followed roentgenog- 
raphy of the thorax made because of severe 
cough and left shoulder pain. Garamella 
and associates? reported a fatal spontaneous 
rupture into the esophagus of a traumatic 
aortic aneurvsm $8 years after trauma. 
Spencer ef 4/. also had a patient who was 
well for 14 vears following an automobile 

accident and then showed enlargement of 
the aneurvsm; surgical treatment was of no 
avail. 

Because of enlargement of the aneurvsm 
เท Case 111, resection was performed even 
though the patient was asymptomatic. 
Conservative management should be re- 
served for cooperative individuals whose 
chronic traumatic aneurysm has been pres- 
ent for many years. In these individuals 
routine periodic physical and roentgen 
examinations of the chest are essential in 
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order to make certain that the aneurysm 
does not enlarge. Should symptoms of pain, 
hoarseness, cough, or hemoptysis develop, 
excision is advisable." De Bakey,* how- 
ever, recommends surgical treatment of 
every patient with a traumatic aneurysm, 
and this advice seems sound in the case of 
acute traumatic aneurysms even though 
verv few patients with such aneurvsms of 
the thoracic aorta have been saved bv 
emergency operation. 1€8 However, it 
frequently offers the only chance of sur- 
vival, and early diagnosis and surgical 
treatment are essential. The patient re- 
ported by Malm and Deterling’? shows that 
even a case of an acute traumatic aneurysm 
of 4 months’ duration which has progressed 
to heart failure, hypertension of the upper 
extremities, and decreased blood pressure 
in the legs (simulating coarctation of the 
aorta) can be salvaged by resection of the 
aneurysm and replacement by a graft. 
Morris in the discussion of the paper by 
Spencer and associates? reported that the 
De Bakey group had resected 17 chronic 
traumatic aneurvsms of the Do aorta 
without a fatalitv. With such reported re- 
sults, resection and aorta repair should be 
considered even in cases of stabile long- 
standing chronic traumatic aneurysms. 


SUMMARY AND CONCLUSIONS 


In 3 asvmptomatic male patients with 
left superior mediastinal masses, a chronic 
traumatic aneurvsm of the thoracic aorta 
was diagnosed following a chance roent- 
genogram of the chest. Seven, nine, and 
thirty-three vears, respectively had elapsed 
since the occurrence of blunt thoracic 
trauma. In 2 instances the aneurysms de- 
veloped after an automobile accident; in 
the third patient, after a fall from a 9 
storv window. In the latter case, resection 
of the aneurysm and replacement with a 
prosthetic graft using the atrial-femoral 
arterial bypass were done because serial 
roentgenograms of the chest demonstrated 
enlargement of the aneurysm although the 
patient was asymptomatic. 

Operation was also advised in the other 
2 cases since present-day left atrial-femoral 


Israel 


bvpass techniques permit resection of 


aneurysms with a reasonably low mortal- 
ity. Due to the improved techniques, it 
is felt that salvage of patients with acute 
traumatic ruptures of the thoracic aorta is 
possible if the diagnosis is made early. 


Israel Steinberg, M.D. 

The New York Hospital-Cornell Medical Center 
525 East 68th Street 

New York 21, New York 


ADDENDUM 


Since this paper was submitted for publica- 
tion, Dobell and colleagues have successfully 
repaired ล traumatic rupture of the thoracic 
aorta (120 ธ อ 6 บ บ , A. R. C, MacNavanrow, 
E. A., and Crurcuiow, E. F. Successful early 
treatment of subadventitial rupture of the 
thoracic aorta, New England J. Med., 1964, 
270, 410-412). Widening of the mediastinum 
and a left pleural effusion led to early diagnosis 
of rupture. With left atria femoral artery by- 
pass, suture of the aortic tear, cross clamping of 
the aorta, resection of the rupture and replace- 
ment by a woven teflon prosthesis were achieved 
39 hours after injury. These authors also cite 
Pessaro and Pace (Surgery, 1959, 46, 787-791) 
who likewise repaired an aortic rupture on the 
day of injury; this case, however, had recur- 
rence of a small fusiform aneurysm of the 
aortic arch. Fleischaker and coworkers have 
also recently successfullv repaired acute trau- 
matic ruptures of the aorta in 2 of 3 patients. 


(FLEISCHAKER, R. J., Mazur, J. H. and 
BaiscH, B. F. Surgical treatment of acute 
traumatic rupture of the thoracic aorta. 7. 
Thoracic & Cardiovascular. Surg., 1964, 47, 
289-297.) 

REFERENCES 
1, ALLEY, R. D., Van Mierop, L. H. S, Li, E. Y., 


KavseL, H. W., and SrRANAHAN, A. Traumatic 
aortic aneurysm: graftless excision, anastomo- 
sis. 4.M.A. Arch. Surg., 1901, 85, 300-308. 

2. De Bakery, M, E, Cooter. D. A., CRAWFORD, 


E. S. and Morris, G. C., Jr. Aneurysms of 


thoracic aorta: analy sis of 17 79 patients Daten 
by resection. Y. Thoracic Surg., 1958, 36, 7 
420. 

3. De Baxey, M. E. Discussion of McBurney, 
W. P. and Vaughan, R. H.” 

4. Dorrer, C. T., Nikes, N. R., and STEINBERG, I 
Impending aortic rupture: pathogenesis of x- 
ray signs. New England F. Med., 1961, 265, 
214-221. 


Pm 


Steinberg 


* 


Ne 


9. 


10 


ET. 


14. 


16. 


18. 


. GARAMELLA, T. 


. GERBODE, F., 


June, 1964 


Eres, F. H., Jr., โร ค ผา รม, J. W., and BRUWER, 
A, 1. Surgic: al experiences in treatment of 
aneurysms of thoracic aorta. Surg., Gynec. & 
Obst., 1958, 706, 179-192. 

Vix nv, N., and Beco, C. F. Correlation confer- 
ences in radiology and pathology: traumatic 
aortic aneurysm. New York F. Med., 1963, 63, 
586—589. 

J., ScHMIDT, W. R., Jensen, 

N. Jand ILY xcH, M. F., Traumatic U sms 

of thoracic aorta: report of four cases, includ- 

ing one of spontaneous rupture into esophagus. 

New England J. Med., 1962, 266, 1341-1348. 

BRAIMBRIDGE, M., Osnory, ds 
Hoop, M., and Frencu, S. Traumatic thoracic 
aneurysms: treatment by resection and graft- 
ing with use of extracorporeal bypass. Surgery, 
1957, 42, 975-955. 

Groves, L. K. Experience with thirteen cases of 
resection of aneurysms of descending thoracic 
aorta. Cleveland Clin. Quart., 1961, 28, 176- 
188; and Traumatic aneurysms of the thoracic 
aorta. New England J. Med., 1964, 270, 22 


e * 


o. Mam, J. R., and Derertine, R. A., Jr. Trau- 


matic aneurysm of thoracic aorta simulating 
coarctation: case report. Y. Thoracic Surg., 
1960, 40, 271-277. 


Macintyre, R. S. Traumatic aneurysm of 
thoracic aorta. Am. J. ROENTGENOL., Rap. 


THERAPY & NUCLEAR MED., 1960, $3, 1011- 
1019. 

McBurney, R P., and Vaucuan, R. H. Rupture 
of thoracic aorta due to nonpenetrating 
trauma. dan, Surg., 1961, 753, 670-679. 

Parmcey, L. F., Marrinciy, T. W, Manion, 
W. C., and Jaunxe, E. J., Ix. Nonpenetrat- 
ing traumatic injury of aorta. Circulation, 
1958, 77, 1086-1101. 

Sarot, I. A., and Lazzarini, A. A. Resection of 
aneurysm of aortic arch and descending aorta: 
permanent “by-pass” homograft. Tr. Am. 
Coll, Cardiology, 1955, 5, 17SA~I75N. 


. Scuumacker, H. B., JR., and Kins, H. Surgical 


management of rapidly expanding intra- 
thoracic pulsating hematomas. Surg., Gynec. & 
Obst., 1959, 7090, 165—164. 

Spencer, F. C., Guerin, P. F., Brake, H. A, 
and Bauxsos, H. T. Report of fifteen pa- 
tients with traumatic rupture of thoracic 
aorta. 7. Thoractc Surg., 1961, 41, 1-22. 


. STEINBERG, I. Chronic traumatic aneurysm of 


thoracic aorta: report of ab ae with plea 
for conservative treatment. New ล ก รา A 
Med., 1957, 257, 913-918. | 

STEIN BERG, l, and Evans, J. A. Roentgen diag- 
nosis of acute and chronic traumatic aneurysm 
of thoracic aorta. Am. T. ROENTGENOL,, Rap. 
Tuerapy & NUCLEAR MED., 1958, So, 237- 
247. 


Voi. gt, No. 6 


ANEURYSM OF THE MEMBRANOUS SEPTUM* 


By MURRAY G. BARON, M.D., BERNARD S. WOLF, 
H. S. VAN MIEROP, 


and L. 


M.D., ARTHUR GRISHMAN, M.D., 
M.D.T 


NEURYSMS of the membranous sep- 
tum are relatively rare lesions probably 

of congenital origin. Although i in many cases 
thev are of no clinical significance, these 
aneurysms may produce serious hemo- 
dynamic changes bv obstructing the out- 
flow tract of the right ventricle or as a re- 
sult of rupture. The aneurysm may extend 
into and distort or replace the septal leaflet 
of the tricuspid valve. This can pose a po- 
tential complication at the time of open 
heart surgery if the approach to the right 
ventricle is through the tricuspid leaflet. 

There is no clinical picture that is char- 
acteristic or even suggestive of a membra- 
nous septal aneurysm. In the absence of 
complications, the findings of cardiac 
catheterization, dye dilution studies, and 
so on, will be completely normal. Angio- 
cardiography is the only technique by 
which a definite diagnosis can be made. As 
angiocardiographv, particularly selective 
left ventriculography, 1s becoming more 
and more a part of the preoperative study 
of cardiac patients, it is important that the 
roentgenologic appearance of these aneu- 
rysms and their significance be appreciated. 


ANATOMY AND PATHOLOGY 


The membranous portion of the ven- 
tricular septum, although small in area, is 
of critical importance because of its inti- 
mate relationship to the aortic and atrio- 
ventricular valves, the two ventricles and 
the right atrium. There is some incon- 
sistency in the use of the term “membra- 
nous septum" bv different authors. In com- 
mon usage, “membranous septum" often is 
meant to designate only the thin, fibrous 
portion of the Zuterceutricular septum. This 
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excludes the posterior continuation of this 
thin septum which intervenes between the 
left ventricle and the right atrium. Such a 
division appears arbitrary. "Membranous 
septum" will be used in this paper in accord 
with the definition of Tandler? and 
others? to indicate the entire, thin portion 
of the septum which can be transillumi- 
nated. 

The margin of the thick muscular septum 
as 1t faces the base of the heart is crescent- 
shaped and, on the left ventricular side, 
reaches the aortic valve only in its antero- 
superior portion (Fig. 1 and 2). Posteriorly, 
the base of the muscular septum extends to 
the mitral annulus in the region of the 
posteromedial commissure. The portion of 
the ventricular septum between the con- 
cave rim of the muscular septum and the 
aortic valve is relatively thin and composed 
largely of fibrous tissue. This area com- 
prises the membranous septum. It lies 
immediately beneath the anterior half of 
the noncoronary cusp and, depending on 
its size, extends a variable distance under. 
neath the right coronary cusp.* Anteriorly, 
the membranous septum merges imper- 
ceptibly with the thick muscular septum. 
Posteriorly, the septum is continuous with 
the dense Hohe fibrous trigone and the 
annulus fibrosus of the mitral valve. 

Both the tricuspid and mitral valves 
attach, in part, to the ventricular septum 
but at different levels. The attachment of 
the septal leaflet of the tricuspid valve is 
anterior to the anterior leaflet of the mitral 
valve (Fig. 1). The line of attachment of the 
septal leaflet of the tricuspid valve crosses 
the membranous septum while the attach- 
ment of the anterior leaflet of the mitral 
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lic. 1. Drawings illustrating the relationship of the 
base of the ventricular septum to the mitral, 
aortic and tricuspid valves. The upper figure shows 
the appearance of the right side of the septum, the 
lower figure the left. The dotted ellipse represents 
the thinnest portion of the membranous septum. 
On the right side, a portion of the membranous 
septum (*) 1s hidden by the tricuspid valve. Note 
that the tricuspid attachment crosses the mem- 
branous septum while the attachment of the mitral 
valve hes behind it. 


valve is entirely posterior to the membra- 
nous septum (Fig. 2). Therefore, the por- 
tion of the membranous septum anterior 
to the tricuspid valve lies between the 
ventricles while the portion of the septum 
posterior to the tricuspid valve is between 
the left ventricle and the right atrium, 
forming a part of the so-called atrioven- 
tricular septum, 

An aneurysm of the membranous septum 
may project into the right ventricle, into 
the septal leaflet of the tricuspid valve, or 
into the right atrium. Rarely, the aneu- 
rvsmal sac may extend แท พ ard and appear 
on the exterior of the heart adjacent to the 
aorta. The mouth of the aneurysm is 
localized and sharply defined and, in the 
gross specimen, has an appearance identical 
to a “membranous ventricular septal de- 
fect.” The opening into the aneurysm most 
commonly les immediately beneath the 
commissure between the right coronary and 
noncoronary aortic cusps (Fig. 3, 4, B and 
C; and 4, 4 and 5). These two cusps and 


the commissure then form a tent-like roof 
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of the aneurvsm. In some cases, the aneu- 
rvsm arises completely in front of or behind 
this commissure. The appearance of the 
aneurysm on the right side of the septum 
will depend largelv on the size of the sac 
and the course of the aneu rvsm. In general, 
the aneurysm is no larger than 1 to 2 cm. 
in all diameters although one measuring 6 
cm. in length and with a capacity of 12 cc. 
has been recorded in the literature. The 
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lic. 2. A diagrammatic sketch of the basal portion of 
the septum as seen from the left ventricular side. 
The upper margin of the muscular septum is 
crescent-shaped and extends from below the right 
coronary cusp (R) posteriorly to the attachment of 
the mitral valve. The clear area represents the 
membranous septum which is divided by the at- 
tachment of the septal leaflet of the tricuspid 
valve (dashed line) into an interventricular (IV) 
and an atrioventricular (AV) portion, Anteriorlv, 
the membranous septum merges imperceptibly 
(lightly stippled area) with the muscular septum 
and the root of the aorta. Posteriorlv, the mem- 
branous septum is continuous with the nght 
fibrous trigone (heavilv stippled area). The ante- 
rior leaflet of the mitral valve is attached to the 
root of the aorta along the posterior portion of the 
left coronary cusp and the adjacent portion of the 
noncoronarv cusp (NC). The attachment con- 
tinues along the right fibrous trigone and the 
posterior margin of the base of the muscular 
septum. Note that the atrioventricular septum is 
formed in part by the membranous septum and in 
part by the muscular septum. The anterior (Ant) 
and posterior (Post) margins of the aorta zn sifu are 
indicated. 


Vou. gi, No. 6 Aneurysm of the 








most common site of presentation on the 
nght side of the heart is in the right ven- 
tricle^^" below and behind the crista 
supraventricularis immediately adjacent to 
the septal leaflet of the tricuspid valve 
The aneurysm mav elevate this leaflet and 
protrude into the tricuspid orifice® or it 
may extend superiorly and anteriorly to- 
ward the outflow tract of the right ven- 
tricle? (Fig. 4, -7 and B). In some cases, 


the aneurysm may extend directly into the 
base of the tricu: spid valve and replace a 
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portion of the anterior or septal leaflet.” 
When the aneurvsm is formed from the 
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Membranous septal aneurysm. Heart of a 
36 vear old male who died i n intractable conges- 
tive failure secondary to a large left ventriculo- 
right atrial shunt following the rupture of a 
membrano jus septal aneurysm, 

(4) The left ventricular surface of the sep- 





tum shows a large defect representing the 
mouth of the aneurysm, immediately benea th 


L3 


the commissure between the right coronary and 
noncoronary There is exta 'nsive. endo- 
cardial thickening below the defect. 

(B) View of the right side of ine ee shows 


Cusps. 


right atrium just above the pu valve, 
The septal leaflet of the tricuspid valve, adja- 
cent eed aneurysm, eda: med and thickened. 
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Ti NE เท p ท The ruler partially 


covers the tricuspid valve. 


ular septum, if may present in 


atrloventic 
alve 
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the right atrium above the tricuspid v 
Hie 325 5D and) 
The wall of the aneurvsm is composed of 


fibrous tissue. The interior of the sac, 7.e., 
the left ventricular side, is usually lined 


o 
with thickened fibrous trabeculae resem- 
bling chordae tendineae (Fig. 4, .7 and 5). 
Some of these appear to limit the distensi- 
bility of the sac which bulges around them 


xe 


and gives the aneurvsm a multilocular 
appearance. 
Aneurvsms of the membranous septum 


often occur as isolated, ก 1 de- 
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tects which are found incidentally at the 
time of autopsy. Not uncommonly, how- 
ever, the aneurysm has a defect in its wall 
producing a left to right shunt !*?* In 
some of these cases, the murmur due to the 
ventricular septal defect was first. de- 
tected in early childhood, suggesting that 
the defect was of congenital origin In 
other cases, the detect possibly represents a 
small rupture of an enlarging aneurysm. 
We have seen one patient (Fig. 3, .7, B and 
C) in whom rupture of a membranous septal 
aneurysm produced a sudden, large, lett 
ventriculo-right atrial shunt and caused the 
demise of the patient. Examination of the 
heart at autopsy showed bacterial endo- 
carditis of the wall of the aneurvsm, pre- 
sumably the cause of the rupture. 

The most common cardiac lesion associ- 
ated with a membranous septal aneurysm 
is aortic Valvular insufficiency. This mav be 
due to prolapse of an aortic cusp into the 
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mouth of the aneurysm.’ The mechanism 
is similar to that which occurs with mem- 
branous ventricular septal defects.” Occa- 
sionallv, the right coronary or noncoronary 
cusp is thick and shortened?^? and mav 
show multiple fenestrations.^? Membra- 
nous subvalvular aortic stenosis,” defects 
of the atrial septum,??^? complete trans- 
position," and various degrees of heart 
block*:* have also been reported in associa- 
tion with aneurysms of the membranous 
septum. An aneurysm may be the site of 
bacterial endocarditis" or thrombus 
formation." 

One group of aneurvsms in the region of 

e membranous septum can be distinctly 
separated from the others; namely, those 
associated with the various forms of per- 
sistent common atrioventricular canal. 
In these cases, the membranous and atrio- 
ventricular septa do not develop normally 
and are usually completely absent together 


th 





lic. 4. Membranous septal aneurysm producing right ventricular obstruction. Clinically, the patient was 
4 : E : Ur 
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considered to have pulmonic stenosis. 


(4) The left ventricular side of the septum shows the mouth of the aneurysm to involve almost the 
i 4 T" 2 E F re s N 
entire membranous septum. The tent-like roof of the aneurysm is formed bv the commissure between the 
right coronary and noncoronary. cusps. Multiple, abnormal chordae can be seen within the lower part of 


the aneurysm. 


(B) View from above. The outflow tract of the right ventricle extending from the crista supraventricu- 
laris (CS) to the pulmonic valve (PV) has been opened. The aneurysm (arrow) can be seen in the right 
ventricle immediately below the crista, bulging into and partially obstructing the mouth of the infun- 


dibulum. 
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with the crest of the muscular septum.?* 
The anterior leaflet of the mitral valve is 
cleft and its line of attachment to the ven- 
tricular septum is greatly lengthened as 
contrasted to the normal. The superior 
segment of the cleft mitral leaflet is at- 
tached to the septum by abnormal chordae 
tendineae which fill the area normally 
occupied by the membranous septum.?? The 
chordae are connected by thin fibrous tissue 
which may bulge between them and form 
an aneurvsm extending into the right ven- 
tricle or into the common atrioventricular 
orifice. The abnormal attachment of the 
anterior mitral leaflet extends along the 
deficient, "scooped-out"' crest of the muscu- 
lar septum so that an aneurysm in this in- 
stance may form at some distance from the 
aortic valve. 


ROENTGEN FINDINGS 


Uncomplicated aneurysms of the mem- 
branous septum do not cause any change 
in the size or conformation of the cardiac 
silhouette. Abnormalities of the heart con- 
tour, when they are present, are due to 
hemodynamic alterations produced by as- 
sociated lesions or by complications due to 
aneurysm itself. The levocardiogram phase 
of a venous or selective right sided angio- 

cardiogram may demonstrate the aneu- 


ห ห ร ท า 12 if it is large. In the majority of 


cases, the greater anatomic detail available 
with left ventricular angiocardiogr aphy 
will be necessary for clear delineation. 

As the various parts of the basal portion 
of the ventricular septum cannot be dis- 
tinguished on an angiocardiogram, it is 


necessarv to localize these areas in terms of 


their relationship to the aortic cusps.’ In 
the frontal projection of a left ventricular 
angiocardiogram, the right coronary cusp is 
seen en face. The noncoronary cusp is 
viewed tangentially along the right border 
of the aortic valve. The right border of the 
ventricular outflow tract from the aortic 
valve to the posteromedial mitral com- 
missure is normally exquisitely smooth and 
straight. The membranous septum forms 
the upper part of this contour. In the lateral 
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view, the right coronary cusp is proJected 
tangentially along the anterior border of 
the aorta while the noncoronary cusp 1s 
seen essentially ez face as the most inferior 
of the aortic cusps. The anterior margin 
of the left ventricular outflow tract, in this 
view, is formed mainly by the conus por- 
tion of the ventricular septum. An un- 
usually large membranous system may, 
however, contribute to the uppermost por- 
tion of this contour. 

An aneurysm of the membranous septum 
communicates with the left ventricle and 
is opacified with the left ventricle. On the 


left ventriculogram, it is seen as a saccular, 


sometimes lobulated, outpouching of the 
left ventricular id 0 7 ฏ 0 ฝ 
bea, fand D)e T he projection i in vindi 
the aneurysm is best visualized will depend 
on the location of its mouth and the course 
of the aneurvsm. When the aneurvsm is 
beneath the right coronary cusp, it. will 
usually extend anteriorly and be seen best 
in the lateral projection (Fig. 5,7), pro- 
truding into the right ventricle immediately 
below the crista supraventricularis (Fig. 
6.7). Since the right coronary cusp is seen 
en face in the frontal view, the aneurysm 
mav be completely obscured in this projec- 
tion. An aneurysm arising beneath the non- 
coronary cusp will extend downward and to 
the right from beneath the right margin of 
the aortic valve and will be more evident 
on the iis than the lateral projection 
(Fig. 7, 4 and B). 

If there is a defect in the aneurvsm, a 
shunt from the left ventricle to the right 
ventricle (Fig. 5, 4 and B; 6, Aand B; and 
7,27 and a 2 to the right atrium (Fig. 8, 4 
and B) will be demonstrated on the left 
ventricular angiocardiogram. If the defect 
in the aneurvsm is sufficiently large in rela- 
tion to the size of the aneurvsm, the 
saccular appearance mav be lost. We have 
seen 2 cases of ventricular septal defects, 
studied by left ventriculography, in which 
the stream of contrast material crossing the 
membranous septum first narrowed before 
it dispersed in the right ventricle. It is pos- 
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lac. s. Membranous septal aneurysm, left ventricular angiocardiograms. 





G4) Lateral projection. The membranous septal aneurysm is seen as a localized, lobulated bulge 
extending forward from the left ventricle beneath the right coronary cusp. The 
faintly opacihed indicating the presence of a left to right ventricular shunt. 

(B) Frontal projection. An early roentgenogram shows the left ventricle filled with contrast material. 
Phe aorta is faintly opacified. The aneurysm can be identified as a localized collection of opaque material 
(upper arrow) along the right border of the outflow tract. A jet (lower arrow) arises from the lower part of 
aneurysm. Note that the aneurvsm simulates a normal sinus of Valsalva but is located adjacent to the 
muscular septum at a lower level than the aortic valve. 
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3. 6. Membranous septal aneurysm, left ventricular angiocardiogra ms., 
(4) Lateral projection. The aneurysm (arrow) bulges into the right ventricle below the crista 
ventricularis (CS). A left to right interventricular shunt is present. 
(5) 3 : 


rontal projection. The aneurysm (arrow) in this view presents as a 
eft ventricular contour immediately below the noncoronary cusp (N). 
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hic. 7. Membranous septal aneurysm, left ventricular angiocardiograms. 
4d) Frontal view. The membranous septal aneurysm 


tt ventricle. 


aS i 















(B) Lateral projection. A late roentgenogram with almost complete emptying of the left v 
sidual col ection of contrast material in the aneurysmal sac (arrows). This aneurysm is located poster 
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sult, when the ventricle was filled with opaque material the aneurysm was obscured. 
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ranous septal aneurysm, left ventricular angiocardiograms. 
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1) Frontal projection. Early roentgenogram before filling of the aorta. 
(arrow) of the left ventricle below the noncoronary cusp (N). The right atrium (RA 





of a left ventriculo-right atrial shunt. 


(B) A later roentgenogram from the same 
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right ventricle and pulmonary artery are now opacified. 
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series shows the aneurysm (arrow) to better advantage. The 


sible that this narrowing of the stream was 
produced bv the residual walls of a septal 
aneurvsm with a relativelv large defect at 
its apex. Anatomic proof in these cases is 
not available. 

In the presence of an endocardial cushion 
defect, the anatomy and function of the 
cleft anterior leaflet of the mitral valve are 
well demonstrated on the frontal projection 
of the left ventricular angiocardiogram. A 
detailed description of these findings has 
been published elsewhere. During svstole, 
the superior and inferior segments of the 
cleft mitral leaflet bulge towards the left 
atrium and produce a scalloped contour to 
the right border of the left ventricular out- 
How tract. In diastole, as nonopaque blood 
from the left atrium enters the ventricle, 
the valve leaflets fold into the ventricle. 
The scooped-out crest of the muscular 
septum 15 then visible and the left ven- 
tricular outflow tract appears elongated 
and narrowed. In the lateral projection, 
instead of the normally smooth anterior 
left ventricular contour, the attachment 
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of the abnormal anterior mitral leaflet to 
the septum beneath the right coronary and 
noncoronarv cusps produces scalloping of 
this margin. Aneurysms can occur anywhere 
along the attachment of the anterior mitral 
leaflet to the septum. In general, thev are 
best visualized in the lateral projection, ex- 
tending anteriorly (Fig. 9, 4 and B). The 
aneurysm may interfere somewhat with the 
mobility ot the cleft mitral segments but 
not to a degree great enough to obscure the 
roentgen characteristics of the endocardial 
cushion defect. 

The lesion most likely to be confused 
with a membranous septal aneurysm on 


the left ventricular angiocardiogram is an 
aneurysm of a sinus of Valsalva. Sinus an- 


eurvsms often extend through associated 
ventricular septal defects and present on 
the right side of the heart in the same loca- 
tions as membranous septal aneurysms.” 
Lett ventricular angiocardiography may 
not be sufficient to differentiate between 
these two lesions unless the exposures are so 





Fic. 9. Septal aneurysm associated with an endocardial cushion defect, left ventricular angiocardiograms. 


GT) Lateral projection. A large aneurysm ( 


AN) projects anteriorly beneath the right coronary cusp. 


é 
Contrast material in the right ventricle (arrow) outlines the thickness of the wall of the aneurvsm. (Repro- 


/ 


duced with permission from Radiology.) 


(B) Frontal projection. The aneurysm cannot be identified in this view. Scalloping of the upper right 
contour of the outflow tract (upper arrow) is produced by the abnormal attachments of the superior seg- 
ment of the cleft anterior mitral leaflet. The coapted margins of the two segments of this leaflet produce a 


Hg 


faint, linear lucency (lower arrow). 
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left ventricle before any contrast material 
enterstheaorta (Fig. 5, Zand B;and 8, 4 and 
B). It the aneurysm fills with the left ven- 
tricle, it must arise in. the infravalvular 
region whereas a sinus of Valsalva aneu- 
rvsm will fill only after the aorta is opaci- 
hed. À second injection in the supravalvular 
region of the aorta will be conclusive unless 
marked aortic insufficiency is present. 

In several instances, left ventricular 
angiocardiography has shown localized 
projections of the left ventricle (Fig. 10) in 
the region. of the membranous septum 
which are smaller and more irregular than 
the aneurysms described above. In one such 
case operated upon for relief of infundib- 
ular stenosis, an aneurvsm could not be 
identified through the right ventriculot- 
omy. Palpation of the atrial septum and 
the tricuspid valve also failed to reveal any 
abnormality. The nature of these pockets 
is not entirely clear, but it is possible that 
they represent an early stage in the de- 
velopment of an aneurysm. 

The appearance of a membranous septal 
aneurysm can be mimicked by a simple 
ventricular septal defect when the septal 
leaflet of the tricuspid valve is abnormally 
adherent to the right side of the defect. 
Contrast material can pass through the 
septal defect and be pocketed by the de- 
formed tricuspid valve. In the lateral view, 
this pocket will appear as a projection from 
the septum at a distance below the aortic 
valve. 

An aneurysm of the muscular septum 
may develop following a septal mvocardial 
infarction.!?? This aneurysm will bulge into 
the right ventricle but can be differentiated 
from a membranous septal aneurysm by its 
location closer to the apex. In the one case 
we have studied by angiocardiography, the 
aneurysm was seen only in the frontal pro- 
jection, bulging from the right border of the 
left ventricle below the posteromedial 
commissure of the mitral valve (Fig. 11). 


DISCUSSION 


Aneurysms of the membranous septum 
are most likely congenital in origin. How- 
ever, these lesions have not been described, 
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Fic. 
view, A small, angular projection (arrow) of the 
left ventricle extends anteriorly below the right 
coronary cusp (R). The nature of this projection is 
uncertain since it was not detected during the 
right ventricular surgery for infundibular stenosis, 


10. Left ventricular angiocardiogram. Lateral 


to our knowledge, in fetal or newborn 
hearts. This suggests that the aneurysms 
develop some time after birth in response to 
the normal, high left ventricular pressure 
although the basic weakness in the septum 
is embryologically determined. The exact 
defect in cardiac development that pro- 
duces this weakness 1s not certain. The 
most widely accepted theory to date is 
that proposed by Mall. He noted, in re- 
viewing several cases, that the aorta seemed 
to arise astride the muscular septum, rather 
than entirely from the left ventricle. As a 
result, the membranousseptum was oriented 
in an almost horizontal plane rather than 
in its normal vertical position. Mall felt 
that this shift เท position caused a weaken- 
ing of the membranous septum which 
made 1t susceptible to aneurvsmal dilata- 
tion. We have not been able to demon- 
strate an abnormal relationship between 
the aorta and the ventricular septum by 





VrG, rr. Aneurysm of the muscular septum following 
a myocardial infarction. Left ventricular angio- 


cardiogram. Frontal view. A localized bulge 
(lower arrow) of contrast material projects into the 


medial mitral commissure. The aneurysm is at 
some distance from the aortic valve (upper arrow). 
A small, left to right interventricular shunt is 
present. 


angiocardiography or in 2 autopsied cases. 
Other authors have speculated that these 
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tive fusion of the endocardial cushions 
or of the conus ridges with the endocardial 
cushions and the muscular septum.” [t 
should be noted that the membranous 
septum, when first formed in the embryonic 
heart, is composed of bulky myocardium 
and not fibrous tissue. It is only at a later 
stage in development that this portion of 
the septum becomes fibrous. Àn abnormal- 
itv in the process in which the myocardial 
tissue disappears may result in an unusually 
thin or unusually large and weak membra- 
nous septum. This would then represent the 
developmental basis for the formation of an 
aneurysm. 
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alwavs bulges towards the right side of the 


An aneurysm o f the membranous septum 
heart presumably because of the higher 
pressure in the left ventricle. We have seen 
such a lesion produced artificially in a 
patient following repair of a membranous 
septal detect. Because of severe pulmonary 
hypertension, a perforated patch of com- 
pressed Ivalon was used to bridge the de- 
fect. Restudy several vears after surgery 
showed the patch in the region of the mem- 
branous septum, bulging into the right 
ventricle and producing an appearance 
identical to that of a septal aneurysm 
(lig. 12). Catheterization at this time 
showed the right ventricular pressure to be 
considerably less than systemic pressure. 
The role of differential ventricular pressure 
in the formation of a membranous septal 
aneurysm is further indicated by the ap- 
pearance of an aneurysm in a heart, in our 
collection, with corrected transposition of 
the great vessels. The mouth of the aneu- 


Vic. 12. Tatrogenic membranous septal aneurysm. 
left ventricular angiogram made several vears 
after repair of à membranous septal defect with a 
perforated patch. Lateral projection, The patch 
(arrow) bulges anteriorly beneath the right coro- 
nary cusp (R) and simulates an aneurysm of the 
membranous septum, A small, residual inter- 
ventricular shunt is present, 
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rvsm was inferior to the crista supra- 
ventricularis in the morphologic right (or 
systemic) ventricle, the usual location of 
the membranous septum. However, in this 
case, the aneurysm bulged into the morpho- 
logic left ventricle (from which the pulmo- 
narv arterv arose). Cardiac catheterization 
showed the pressure in the morphologic 
right ventricle to be higher than the left. 

An aneurysm of the membranous septum 
is a surgically correctable lesion.!*? When 
approached trom the right side of the heart, 
the aneurysm can be excised at its base and 
the defect in the septum closed. This pro- 
cedure is to be recommended when the 
aneurysm is producing significant hemo- 
dynamic changes. If growth of the aneu- 
rysm can be demonstrated on serial angio- 
cardiograms, surgical correction may also 
be indicated. 


SUMMARY 


1. Aneurvsms of the membranous sep- 
tum are relatively rare lesions presumably 
developing on a congenital basis. These 
aneurysms originate in the left ventricle 
immediately beneath the aortic valve and 
bulge into the right ventricle, the septal 
leaflet of the tricuspid valve or into the 
right atrium. 

2. Many of these aneurysms do not pro- 
duce symptoms. Others may cause right 
ventricular outflow tract obstruction or 
may rupture and result in a septal defect. 
The resulting shunt will be from the left 
ventricle into the right atrium or ventricle. 

3. An aneurysm of the membranous sep- 
tum may be an isolated abnormality or be 
associated with other congenital cardiac 
defects, particularly aortic valvular in- 
sufficiency. Membranous septal aneurysms 
may be the site of bacterial endocarditis or 
thrombus formation. 

4. Aneurysms resembling those arising 
from the membranous septum may occur 
as part of the complex of deformities pro- 
duced by an endocardial cushion defect. 
However, the angiographic features diag- 
nostic of a cushion defect can still be rec- 
ognized. 

5. The presence of a septal aneurysm can 
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be established only by angiocardiography. 


The diagnostic features as seen on the left 
ventricular angiocardiogram are presented. 


Murray G. Baron, M.D. 
The Mount Sinai Hospital 
11 East tooth Street 

New York 29, New York 
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NEURYSM ot the coronarv vessels of 


the heart was first reported by Bougan 
in 1812. Since that time, and prior to a re- 
cent and comprehensive study by Daoud, 
Pankin, Tulgan and Florentin,! this entity 
has been believed to be relatively uncom- 
mon. 

In an excellent review and 
the world medical literature, Daoud e al. 
considered all previously reported cases E 
coronary artery aneurvsm and added 
new cases of their own. The onlv other d 
tailed review on the subject was made in 
1929 bv Packard and Wechsler? who added 
but a single new case. The 10 new cases re- 
ported by Daoud ef a/. resulted from a 
detailed and careful examination of the 
hearts of 694 cases at autopsy at the Al- 
bany Medical College during the period 
from March 1955 to September 157. 


It is not within the scope of this brief 


communication to deal with the contro- 
versial pathogenesis of this entity. The 
interested reader is referred to a paper bv 
Holman and Peniston,? who, at some 
length, discuss the results of clinical and 
experimental findings in relation to patho- 
genesis. 

Daoud e al. in the conclusion of their 
paper state that aneurysms of the coronary 
vessels are probably not so rare as had 
been previously supposed; bv the addition 
of Io new cases, thev increased the grand 
total of all reported cases by 12.6 per cent. 
They also state that in all of their cases the 
aneurysms were of arteriosclerotic origin, 
the microscopic examination in most in- 
stances revealing focal calcification. 

Although the presence of calcification in 
the walls of coronary vessels is not unusual, 
our search of the radiologic literature 
failed to reveal any case in which a diag- 
nosis of aneurysm of the coronary vessels 


tabulation of 


was made on the basis of calcification in 
the wall of the aneurysm found on con- 
ventional roentgenograms of the chest. 


REPORT OF A CASE 


N.D., a 54 year old white male laborer, was 
admitted to the medical service of the Potts- 
ville Hospital in Pottsville, Pennsylvania, 
for the first time on July 24, 1961 because af 
substernal chest pain, severe shortness of 
breath and extreme weakness. Since 1956 he 
had exertional and occasional nocturnal dysp- 
nea. Three months before admission he had a 
sudden substernal pain with dyspnea and pain 
in both arms of 1 hour's duration, requiring no 
medical care. The next dav he felt better and 
went to work as usual. Six weeks following this 
episode he had a sudden attack of aphasia with 
paresis involving the left arm and leg without 
unconsciousness, regaining speech after a few 
hours. After 1 month the paresis disappeared; 
however, he developed c severe ex- 
ertional chest pain and dyspnea which forced 
him to stop work. On the day of admission noc- 
turnal dyspnea, extreme weakness and profuse 
perspiration occurred with a brief period of un- 
consciousness and he was referred for hospital 
care. He had had no serious childhood disease. 
The tonsils and adenoids were removed at 6 
years of age with good result. Pneumonia oc- 
curred at 16 years of age, with no complication. 
Other general systems were unremarkable. For 

many years he had been an alcoholic (spree 
drinking type). He was a heavy cigarette 
smoker (2 or 3 packs daily). 

Family History. Father died of coronary 
heart disease at 41 years of age; mother at 62 
years of age of same disease. An elder brother 
had a myocardial infarction at 46 years of age. 
Three younger brothers and sisters are alive and 
well. 

Physical Examination. This revealed a seri- 
ously ill male, appe caring older than his age. He 
was orthopneic, cyanotic, and extremely ap- 
prehensive. The temperature was 97° F., axil- 
lary; pulse 154 /min., regular bo respira- 
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roentgenogram of chest 


right cardiophreme angle 


Pio. pr. Posteroanterior 


shows ring shadows in 


(the largest measuring 3.2 cm. in diameter), rep- 
resenting calcification in the walls of multiple 
aneurysms of the right coronary vessel. Smaller 


ring shadows in left hilar area show additional 
involvement of the left coronary artery. 


tions : blood pressure 230, 130. He was 
his skin was i 0 

moist and cold. There was no peripheral e dema, 
the 0 were slightly clubbed and coarse 
tremors were present. The skull, scalp, ears, 
nose, mouth, and throat were not significantly 
abnormal. The pupils were (E and 
equal; the reflexes were sluggish. Arcus senilis 
and a Group 2 hypertensive p were 
present; the neck veins were distended and the 
carotid pulsations were low in volume with no 
bruit. The thorax was normal in shape, and 
there was impaired resonance over. both lung 
bases with diffuse coarse moist rales. There were 
no palpable heart thrills; the apex beat was felt 
just outside the left mid-clavicular line in the 
fifth interspace. The first apical sound was 


faint, the second sound E net A Grade 3 
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high pitched holosystolic apical murmur was 
present. The aortic component of the second 
sound was accentuated at the base; no basal 
murmurs were heard and there was no friction 
rub. The liver border was smooth and firm at 
the right costal margin. The abdomen was mod- 
erately distended with no masses or dullness in 
the flanks. The extremities presented no de- 
Formity and no venous varicosities. The periph- 
eral vessels were thickened. The pulses were of 
equal force in both wrists and feet. The neuro- 
logic examination was not significantly abnor- 
mal. 

Laboratory Findings. At admission, hemato- 
crit was 41 per cent, sec limentation index 
34 mm./hr., hemoglobin 17.6 gm., red blood 
cell. count white blood. cell count 
20,700 nib. gh per cent neutrophils, and g per 
cent lymphocytes. Prothrombin time was 16 
seconds, fasting blood sugar 96 mg. per cent, 
urea nitrogen 14 mg. per cent. Transaminase 
SGOT was 175 units; on July 25, 1961, it was 
85 units. Urinalvsis was negative; VDRL was 
negative. Transaminase was So units อ ท July 
26, 1961 and 2; units on July 27, 1961. On Sep- 
le 2, 1961, hemoglobin was 13 doc red 
blood cell count 4,620,000, WE blood cell 


cary 


ix 1 OOOO E 


shows 


Vic. 2. Oblique study of cardiac silhouette : 
the huge aneurvsms of the right coronary vessel to 
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better advantage. 
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count 7,400, with 63 per cent neutrophils, 32 
per cent lymphocytes, 3 per cent monocytes, 
and 2 per cent eosinophils. The hematocrit was 
42 per cent and the sedimentation index 35 
mm. hr. 

Electrocardiographic Findings. The. electro- 
'ardiogram on admission revealed à supraven- 
tricular tachycardia and ventricular rate of 142 
per minute with left ventricular hypertrophy. 
Subsequent electrocardiograms on July 25, 26 
and 27 showed abnormalities compatible with 
an acute anterobasal myocardial infarction, a 
first degree atrioventricular heart block and 
digitalis effect. On August 17, 1961 the electro- 
cardiogram revealed normal voltage T waves in 
V1,2, 3and 4,a return to regular sinus rhythm, 
a ventricular rate of So per minute and left 
ventricular hvpertrophy with digitalis effect. 

Clinical Course. The patient's temperature of 
99.3^ F. persisted for 4 days following admis- 
sion. He was immediately digitalized with 
cedilanid followed by digoxin orally. He was 
heparinized by lipo hepin subcutaneously. Oral 
anticoagulants were withheld because of a pro- 
thrombin time of 64 seconds on August 12, 
1901 with o per cent prothrombin activity. 
Digoxin was discontinued on August 13, 1961. 


Bane? - 





lic, 3. Heart specimen shows nodulations along 
course of right coronary artery, 
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hic. 4. Right coronary artery showing multiple 
aneurysms, 

Chest roentgenograms (Fig. 1 and 2) were 
made on August 24, 1961 and the patient was 
discharged on September 2, 1961 to convalesce 
at home. 

He had 3 subsequent admissions on Decem- 
ber 27, 1962, February 18, 1963 and May 4, 


failure following alcoholic sprees. On the last 
admission he expired in 2 hours and 15 minutes. 

Pertinent Autopsy Findings. The body meas- 
ured 175 cm. and weighed 7 ๐ kg. The right 
pleural cavitv contained 600 cc. of serous fluid 
and the left pleural cavity 300 cc. The heart 
weighed soo gm. Externally, there were several 
nodulations in the right auriculoventricular 
groove (Fig. 3), On dissection, these proved to 
be a series of saccular aneurysms involving the 
right coronary artery (lig. 4). The aortic os- 
tium of the artery was of normal size. At a point 
ร mm. from the ostium, the first of a series of 
saccular aneurysms was present. It measured 
3.2 cm. in diameter and was filled with a brown- 
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ish-tan thrombus (Fig. 5). There was central 
canalization of the thrombus. Continuing 
distally, there were 2 similar aneurysms sepa- 
rated by short sections of normal sized artery. 
All of the aneurysms had thin, calcific walls and 
contained thrombotic material. The left coro- 
nary artery showed a small aneurysm 1 cm. 
from its aortic orifice. There was no evidence of 
recent infarction of the myocardium. Numerous 
small grayish areas of fibrosis were present in 
the anterior and posterior walls of the left ven- 
tricle. The wall of the left ventricle was thinner 
than normal varying in thickness from 12 mm. 
at the base to 5 mm. at the apex. The right 
ventricular wall showed no evidence of old or 
recent infarction. It measured 4 mm. in thick- 
ness. The abdominal portion of the aorta was 
markedly sclerotic. There was a fusiform aneu- 
rysm 5 cm. in diameter just above the bifurca- 
tion. The walls of the aneurysm were thin and 
calcific areas were present. 

'The lungs were edematous and showed some 
emphysema. The kidneys weighed only 85 gm. 
each and microscopically showed nephrosclero- 
tic changes. 

'The cranial cavity was not examined because 
of the limitation of the autopsy permission. 


DISCUSSION 


In the particular case reported here (Fig. 
I and 2) and confirmed at autopsy (Fig. 3, 
4 and 5), large multiple aneurysms of the 
right coronary artery were revealed on 
routine roentgenograms of the chest as 
overlapping calcific rings of density closely 
associated with the right border of the 
heart and measuring several centimeters 
in diameter. There were several small 
ring calcifications involving the left coro- 
nary artery as well. Unfortunately, we were 
not sufficiently aware of this condition to 
make the proper diagnosis on the basis of 
roentgenographic findings prior to autopsy; 
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in retrospect, the diagnosis should have 
been readily apparent. 

Another point of considerable interest 
and importance is the association of 
aneurysm of the coronary vessels with ab- 
dominal aortic aneurysm. Daoud et al. 
state that in 8 of their 10 cases death was 
directly related to an abdominal aortic 
aneurysm which was not contiguously (by 
dissection or extension) associated with 
aneurysm of the coronary vessels. This fact 
is of considerable interest since our case at 
autopsy likewise revealed the presence of a 
small fusiform type of abdominal aortic 
aneurysm. 


SUMMARY 


Aneurysmal dilatation of the coronary 
rateries prior to the report of Daoud et alt 
had been considered to be relatively un- 
common. The finding by this group of 1o 
instances in 694 autopsied cases suggests 
that it is not so rare as previously supposed. 

In the present case report, the aneurysms 
of the coronary vessels were clearly evident 
in conventional roentgenograms of the 
chest and diagnosis by an informed radiolo- 
gist would have been possible. 


Clayton C. Barclay, M.D. 
Pottsville Hospital 
Pottsville, Pennsylvania 
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NEURYSMS ot the vein of Galen are 
rare if use of the term is restricted to 
those vascular malformations in which a 
saccular vein of Galen is in direct com- 
munication with one or more large arteries, 
the internal venous system is inconspicuous 
and the aneurysm drains directly into 
the straight venous sinus. Excluded from 
consideration are vascular malformations 
draining entirely or in part into the deep 
venous system and in which the vein of 
Galen is enlarged as a venous tributary. In 
the latter instance, vessels, both capillary 
and venous, are interposed between the 
arterial component and the vein of Galen. 
The literature contains 31 cases in which 
the diagnosis was established by angio- 
graphic studies or by postmortem examina- 
tion (Table 1). Calcification within the 
wall of the aneurysm has been reported in 6 
cases ranging in age from 15 to 34 years. 
The subject of the present report was 9 
years of age when the incidental discovery 
of intracranial calcification prompted his 
admission to the hospital for diagnostic 
studies. This patient is the youngest of 7 
patients in whom the diagnosis of aneurysm 
of the vein of Galen was possible on the 
basis of routine roentgenograms of the 


skull. 


PREVIOUS REPORTS OF CALCIFIED 
ANEURYSMS 


Alpers and Forster! reported the first ex- 
ample of roentgenographicallv visible cal- 
cification within an aneurysm of the vein 
of Galen in 1945. The patient, an 18 vear 
old male, had complained of headaches 
since the age of 6 vears. Destruction of the 
dorsum sellae and a concentric ring of cal- 
cification in the area normally occupied by 


the pineal gland were found on roentgeno- 
grams of the skull. Ventriculograms showed 
eccentric projection of a mass into an en- 
larged right lateral ventricle. Death fol- 
lowed 2 davs after craniotomy and visual- 
ization of the aneurysm. 

The second calcifed aneurvsm was re- 
ported by Oscherwitz and Davidoff? in 
1947. Their patient, a female 27 vears old, 
had complained of headaches for g months 
and blurred vision for 3 months. A com- 
plete circle, 3.5 cm. in diameter, was formed 
by the calcified aneurysm. A ventriculo- 
gram was normal. The aneurysm was 
opened and packed at the time of surgery, 
and disappearance of the patient's head- 
aches was attributed to thrombosis pro- 
duced within the aneurysm. 

Wolfe and France?* in 1949 reported a 21 
vear old female who had suffered from 
headaches for 15 vears and who presented 
with ptosis, external squint and papil. 
ledema. A spherical calcification in the 
region of the pineal gland and ventriculo- 
graphic demonstration of deformity of the 
aqueduct of Sylvius by a mass in this re- 
gion resulted in a diagnosis of neoplasm. 
She died prior to a proposed shunting pro- 
cedure, and an aneurysm of the vein of 
Galen was discovered at the time of post- 
mortem examination. 

The fourth case was one of the 2 patients 
described by Boldrey and Miller? in 1949. 
The aneurysm in this patient, an 18 vear 
old male, was demonstrated by angiog- 
raphy and the midline calcification seen on 
plain roentgenograms conformed to the 
aneurvsmal sac. À cranial bruit was dimin- 
ished following ligation of the carotid ar- 
tery. This case was the first in which the 
diagnosis of a calcified aneurysm was 
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established by means of angiography. 

The fifth case was cited by Boldrev and 
Miller? in their 1949 paper. In a personal 
communication to the authors, Cloward? 
described ล 34 vear old male in whom a 
calcified aneurysm was verified by post- 
mortem examination. 

Poppen and Avman?! reported the sixth 
calcified aneurysm in 1960. A crescentic 
area of calcification was discovered in the 
pineal region of a 16 vear old male who 
was being investigated because of a dis- 
turbance in equilibrium, vertigo and 
blurred vision. The aneurvsm was totally 
removed after the diagnosis was estab- 
lished by bilateral carotid and left vertebral 
angiography. A A diagnosis of hydrocephalus 
was made on the basis of angiographic find- 
ings. 


A report of the seventh case follows. 


REPORT OF A CASE 


A. F. (L -53-90677), a 9 vear old male, was 
seen on an annual visit to the Neurosurgery 
Clinic in June, 1962, and skull roentgenograms 


were taken as a matter of interest. A thin curvi- 


linear calcific density was seen in the region of 


the pineal gland on the lateral roentgenogram 
(Fig. 1). T he calcification was not clearly visible 
in frontal projection. His parents were advised 
by letter that he should enter the hos for 
evaluation. 

He was admitted to the Charity Hospital on 
August 10, 1962. The only complaint given by 
the patient was that of infrequent headaches. 
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Bleed- Sei 


Clinical Findings 


faic ‘Treatment | Outcome 
. j Cfea | 
Piu i ures : . i 

EE i erfi + 


| Craniotomy; excision of | Survival 
aneurysm | 
| Craniotomy; ligation of teed. Death 


ing arteries 


| Death 


4 : | Craniotomy: byation of feed- Survival 
: _ ing arteries 
is 2 | Survival 
His mother considered him normal although he 


was not as active as his classmates. His head 
was first thought to be abnormally large at the 
age of 7 months. His motor and language de- 
velopment had been normal, although at the 
age of r3 months he was called a case of “ar- 
rested hydrocephalus” by a resident in. Pedi- 
atrics, 

He had developed frequent, recurrent and 
severe nose bleeds beginning at the age of 2 
years for which he was hospitalized on the Ear, 
Nose and Throat Service for evaluation at the 
age of 3 years. A soft vascular mass overlying 
the Wen of his nose was described, but no 
source of bleeding was discovered within the 
nasal cavity. Recurrent nose bleeds continued 
until the age of 4 vears. At 2 years of age, he 
was fitted with shoes for the correction of bilat- 
eral pronation deformity and pes planus. 

Family History. The patient was one of 5 
healthy children, and similar or related dis- 
orders had not occurred in the family of either 
parent, 

Physical Examination. Vhe patient was a 
slender boy with a large head, the circumfer- 
ence measuring 65 cm. The Blood pressure was 
114/72, pulse 84 and temperature 98.6? V. His 
speech was halting and had a nasal quality. 
There were prominent veins over the forehead 
and scalp, the most conspicuous of which was a 
fluctuanr blue mass, 1 cm. in area, overlying 
the nasofrontal junction, 

The cranial nerves were normal. His station 
and gait were normal although he had slight dit- 
Rcultv with tandem walking. Muscle strength 
was fair, Coordination was mildly impaired and 
there was a terminal tremor on finger to nose 
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ateral roentgenogram showing linear 
within the wall of the aneurvsm. 


Vic. 1. Plain 
calcification 


testing and awkwardness of rapid alternating 
movement on the left. Deep and superficial re- 
flexes were 0 i TA ao was 


p อ 0 His 0 0 on the 


verbal level was above average. He had difh- 
culty with visual motor coordination which in- 


terfered with reading and writing skills. A 
slightly below normal social-emotional develop- 


ment was attributed to an overly attentive and 
protective atritude of the parents. He was tense 
and was thought to be incapable of coping with 
failure or threat of failure. His full intelli igence 
quotient was IOO. 

Electroencephatoeraphy. An electroencephalo- 
gram on August 2 3 1962 showed a E 
alpha rhy thm of 10/sec. which was often ob- 
scured by the 0 slowing seen 
throughout. the record; 4-6 sec. slowing was 
scattered fairly symmetri ically through the rec- 
ord. At times the right or left hemisphere. ven 
be prominently slowed. Occasional 2—1/sec., 
100 m.v. slowing was seen in the record. W hen 
the patent drowsed and slept, central and 
parietal slowing of Tso m.v. and 3/sec, was 
seen, Central transients were frequent. Sym- 
metric bursts of 4-£/sec., 200-250 m.v. slowing 
were seen during sleep and drowsiness, Impres- 
sion: abnormal electroencephalogram, generally 
slow with occasional svmmetric bursts. 

Cardiac He e was seen x d 
purpose of ev nA A continuous 
murmur was described, loudest just below and 
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in front of the right mastoid process, but which 
could be heard ‘faintly over the temporal re- 
gions and the left mastoid process. The mur- 
mur was transmitted bilaterally downward to 
the clavicles. The heart tones were good. A 
Grade 1-11 systolic murmur was heard in the 
pulmonic area. À Dou ded ram of iii chest 
indicated. early 
An was md ก ฑา 
catheterization was done with the finding of a 
relatively high oxygen content in the superior 
vena cava and a small arteriovenous oxygen 
difference in samples removed from the superior 
vena caval branches. This was interpreted as an 
indication of a high How rate in the upper part 
of the body. Pressure relationships were normal. 
Based on the measured oxygen consumption of 
166 cc. /min.,, the cardiac output was calculated 
as 6.24 l./min. Surface area was estimated as 
1.2 m.. The cardiac index was therefore 5.2 1./ 
m/min. 

Laborator y Findings. A lumbar puncture was 
normal, Routine hemogram and urinalvsis were 
also normal. An EPA of the chest was reported 
as normal except for the cardiac enlargement 


Aue 


mentioned previously, 


Pnueumoencephalography. A total of 16 cc. of 
air was injected on August 14, 1962, using local 
anesthesia. The rostral poros of the fourth 
ventricle and aqueduct were deformed and dis- 
0 nir the clivus in a smooth curve 
(lig. 2). The lateral ventricles were enlarged. 





2. Pneumoencephalogram showing air in the 
aqueduct of Sylvius and fourth ventricle which 
are bowed anteriorly. 


FIG. 


VOL. 91, No. 6 
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carotid angiography was 


ส on August 16, 1962, left carotid 
angiography on August 21, 1962, and percuta- 


neous right vertebral angiography on August 
23. 1002. 


Right carotid injection filled a saccular 
aneurysm of the vein of Galen through two 


3 


branches of the middle cerebral artery (big. 3). 
The posterior communicating, anterior cho- 
roidal and anterior cerebral arteries did not 
opacify. The aneurysm drained directly into a 
greatly enlarged straight sinus a thence into 
both transverse sinuses (lig. 

E tid injection filled 4 n aneurysm bv 

vav of T aon peric callosal artery (Vig. เจ 

พ vertebral injection filled the aneurysm 
through both posterior cerebral arteries (Fig. 
6, 4 and B). 


The vertebral arterv was dilated 
and the basilar 
left of the midline. 


artery formed a large loop to the 
seen along the c 


Several varicosities were 
course of small veins leading 
away from the aneurysm, 

Follow-up. The patient was discharged from 
the hospital on August 26, 1962. He has been 
seen at intervals of 3 months and on his last 
clinic visit in March, 1963, his stare of health 
was unchanged. | 


ROENTGENOGRAPHIC FINDINGS 


Plain roentgenograms of the skull mav 
give evidence of increased. intracranial 
pressure. Deepening of the grooves of the 





Fre. 3 Right carotid ing iogram 0 2 branches 


the aneurvsm. 


Fic. & 
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Fic. 4. Venous phase showing enlarged trans- 
verse sinuses bilaterally. 


transverse sinuses and enlargement of 
emissary vein foramina and grooves may 
be found normally, although they are par- 
E prominent in the presence ot intr: - 
ranial hypertension from whatever cause 
These findings are therefore of little alie 
as an indication of pathologically enlarged 
venous channels. 

Visible calcification within the wall of an 
aneurysm of the vein of Galen is virtually 
patios mU if the following criteria 

satished: (1) the calcific deposit is thin 
and delicate, and forms a complete or in- 





showing filling of 


Left carotid angiogram 
the aneurysm almost entirely by way of the right 


pericaliosal artery. 


complete ring; (2) it is situated in the re- 
gion normally occupied by the pineal gland 
in the lateral projection and very near or 
in the midline in the frontal projection; and 
(3) the ring of calcification, whether com- 
plete or incomplete and constructed by 
projecting imaginary lines, is large, exceed- 
ing 2.5 cm. in diameter. 

A diagnosis based solev upon plain 
roentgenograms should be made only in an 
older child or adult since the voungest 
patient with calcification vet reported was 
9 years of age. Pineal tumors do not calcifv 


เท this manner." Epidermoids in the 
quadrigeminal area are rare and could 


closely mimic an aneurysm. A lipoma 
should be differentiated by a central are: 
of radiolucency. 

Air contrast studies have been performed 
เท patients with this condition during 
infanev because of progressive hydro- 
cephalus or in later life because of in- 
creased intracranial pressure and a pre- 
sumptive diagnosis of brain tumor. Large 


o 
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aneurvsms mav deform or project into the 
posterior portion. of one or both lateral 
ventricles. Àn aneurvsm mav behave like 
à pineal tumor by compressing the quadri- 
geminal plate and the subjacent aqueduct 
of Svlvius. The larger aneurysms mav de- 
torm the rostral portion of the fourth ven. 
tricle. Significant. narrowing of the aque- 
duct leads to dilatation of the lateral and 
third ventricles. Preservation of a rela. 
tively normal configuration of the third 
ventricle is uncommon with pineal neo- 
plasms and should alert the examiner to the 
possibility of an aneurysm of the vein of 
Galen or other extrapineal mass. 
Angiography is the definitive diagnostic 
procedure. One major artery, most com- 
monly the posterior cerebral, may consti- 
tute the sole source of arterial blood, or 
several arteries may be involved. Complete 
dehneation of the malformation. requires 
that the carotid arteries be visualized on 
each side as well as the vertebral-basilar 
circulation. Bilateral vertebral artery injec- 





Fic. 6. Gf and B) Right vertebral angiograms showing that the aneurysm is supplied by both posterior cere- 


bral arteries. The vertebral and basilar arteries are dilated and the latter deseribes a wide loop to the left of 


the midline. 
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tion is unnecessarv, Judging from the cases 
described in the literature. A separate 
arterial component was demonstrated by 
injection of each of the 3 vessels studied in 
the case reported AN Arterial. blood 
flows directly through a much enlarged 
straight sinus into the transverse sinuses 
in a typical case. Smaller venous structures 
collateral to the aneurysm may be visual- 
ized. These latter vessels have thin walls 
which may rupture due to their high intra- 
vascular pressure. 


CLINICAL FEATURES 


There are basically 3 
symptom production: (1) the aneurysm 
may behave as a mass in the manner of a 
pineal tumor to produce obstructive hydro- 
cephalus and compression of the midbrain; 
(2) bleeding may result from the rupture 
of venous tributaries and repeated sub- 
arachnoid hemorrhage mav lead to the 
development of hydrocephalus: and (3) 
large arteriovenous shunts may impose a 


strain on cardiac function during infancy.” 


Twenty-one of the 32 cases under consider- 
ation were less than 2 years of age. Thirteen 
were 
diagnosis and 10 of this number had cardiac 
manifestations of a systemic arteriovenous 
shunt. It is notable that males have pre- 
dominated in a ratio of 22/10, 

The role of chronic cerebral ischemia เท 
the production of clinical manifestations is 
less clear. Angiographic evidence of diver- 
sion of blood from major cerebral arteries 
into the arteriovenous shunt suggests that 
some degree of cerebral ischemia might 
exist. This could account for epilepsy, 
mental retardation and other neurologic 
abnormalities which have been reported 
in this condition in the absence of hvdro- 
cephalus. 


TREATMENT 


Hydrocephalus may be treated apart 
from the vascular malformation. A pro- 
cedure designed only to relieve hydro- 
cephalus may be indicated in a recognized 


mechanisms of 


below 1 vear of age at the time of 
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case, and it is likely that such procedures 
have been performed in a considerable 
number of cases in which the vascular mal- 
formation was unsuspected. 

A direct surgical attack upon the aneu- 
rvsm has been reported in g cases, only i 
of which died as a result of the opera- 


tion. ^ 19:19.15.19,21.25.?7 Craniotomy and inter- 
ruption of the arterial component of the 


fistulous communication, alone or with ex- 
cision of the aneurysmal sac, requires com- 
plete preoperative angiographic study. 
Encouraged by these successful reports, it 
seems likely that neurosurgeons will under- 
take to excise the more favorable of these 
malformations in the future. 


Thirty-one cases of aneurysm of the 
vein of Galen had been reported previ- 
ously. Calcification within the wall of the 
aneurysm was visible on plain skull roent- 
genograms in 6 of this number. The present 
communication describes an additional 
case in which calcification of the aneurvsm 
was discovered at the age of 9 vears, the 
voungest patient heretofore reported. 


Charles B. Wilson, VLD. 

Department of Surgery 

Division of Neurosurgery 

University of Kentucky Medical Center 
Lexington, Kentucky 
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,EOUS THROMBOSIS OF 


INTRACRANIAL 


By HERBERT SCHUNK, M.D.f 


DETROIT, MICHIGAN 


HE increased use of cerebral angiog- 

© raphy in the last two decades has made 

it possible to diagnose cerebrovascular dis- 

eases more correctly, thus allowing the 

physician to provide an immediate and 
more specific course of treatment. 

Aneurysms which are demonstrated by 
cerebral angiography present no particular 
diagnostic problem. When they are com- 
pletely thrombosed, however, they are not 
demonstrable in the arteriogram because 
the injected contrast substance cannot 
enter the aneurysmal sac. Similar difficul- 
ties are encountered in the presence of 
partial thrombosis in which case only the 
patent part of the aneurysm 1s visible, thus 
deceiving the interpreter as to its true size. 
It is mainly the last group with which we 
are here concerned. 

In manv instances the method of treat- 
ment depends upon accurate information 
regarding the actual size of the aneurvsm 
and the presence of thrombosis. For this 
reason a series of cases was reviewed in an 
effort to find signs which would prove 
helpful in establishing the roentgenologic 
diagnosis of thrombus in intracranial an- 
eurysms. 


REVIEW OF THE LITERATURE 


Complete thrombosis occurring sponta- 
neously is rare and only a few cases have 
been reported in the medical literature. 
Kravenbühl? found in an extensive series 
of 7,452 autopsies only 1 completely 
"fibrosed" aneurysm. The first case of an 
entirely calcified aneurvsm originating from 
the internal carotid arterv was described in 
1875.) Subsequent cases with postmortem 
findings of completely clotted and partly 


calcified aneurysms of the circle of Willis," 
and of the middle? and the anterior fossae" 
were reported. 

'The first recognition of an aneurvsm in 
the plain skull roentgenogram dates back 
to 1916. Ten years later a comprehensive 
review of aneurysms of the circle of Willis 
and of the internal carotid artery was pub- 
lished, with attention focused on the cal- 
cifications of the wall and the erosion of the 
adjacent bone structures." In the following 
vears more detailed accounts concerning 
the bone changes, which included unilateral 
erosion of the sella turcica, enlargement of 
the optic foramen, the supraorbital fissure 
and the foramen lacerum and elevation ot 
the sphenoid wing and anterior chnoids™?? 
appeared in the literature. These findings 
were principallv associated with cavernous 
sinus aneurysms. According to one study,” 
the incidence of aneurysmal wall calcifica- 
tion is 6 per cent. 

With the advent of arteriography, the 
diagnosis of aneurvsms was more easilv 
made; however, the recognition of throm- 
bosis remained difficult. The first demon- 
stration of a thrombus was achieved by 
injecting lipiodol into the sphenoid sinus 
which delineated a filling defect produced 
bv an intracavernous sinus aneurysm. 
Subsequent arteriograms showed an area 
not outlined by contrast substance situated 
between the aneurvsm and the sphenoid 
sinus; thus the actual size of the thrombus 
was revealed. ^ The visualization of flecks 
of contrast medium around an aneurysm 
has been suggested as indicating contrast 
material within a thrombus.? Various signs 
for the determination of complete thrombo- 
sis have been described, among which is the 
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DISTRIBUTION OF INTRACRANIAL ANEURYSMS 


Location No. of Cases Per Cent 

Internal carotid artery | 25 ~ Wins 
Posterior communicating | ! 

artery ๊ 18 2 16.3 
Anterior cerebral artery ] I4 EE 
Middle cerebral artery ง | ว ย i 
Anterior communicating | . 

artery ; 16 | igs 
Unknown origin | 3 du 
Basilar artery | i 22 
Total i 110 
nonfilling of the aneurysm and its distal 
artery associated with tapering of the 


related proximal artery.” Pneumoenceph- 
alography has been credited with reveal- 
ing a filling defect which, in conjunction 
with arteriographic findings, implied the 
presence of a completely thrombosed an- 
eurvsm.? 


METHOD AND RESULTS 


In our efforts to determine whether 
thrombosis of intracranial aneurysms could 
be diagnosed by arteriography, the initial 
task was to review the autopsy and histol- 
ogy files of the Department of Neuropathol- 
ogv. One hundred and ten suitable cases 
were found. This number represents mate- 
rial collected over a period of 10 years, 
from 1952 through 1961. 
the cases were seen during the last 4 vears 
owing to the increased admission of pa- 


tients afflicted with cerebrovascular dis- 
ease. The ages ranged from 15 vears to 78 


vears. The sex distribution indicated a 
slight predominance of females: so were 
males and 60 were females. 

The aneurysms occurred at various loca- 
tions as shown in Table 1. Cases in which 
the aneurvsm originated from the middle 
cerebral artery comprised the largest group 
(29 or 26.3 per cent); those in which the 
aneurysm arose from the internal carotid 
artery and included the cases at the bifurca- 
tion and the junctions of the internal ca- 
rotid, anterior and middle cerebral artery 
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The majority of 
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were next in number (27 or 24.§ per MU 
lhere were 18 cases (16.3 per cent) of 
aneurvsm from and about the wen d 
communicating and internal carotid artery ; 
16 cases (14.5 per cent) of aneurysm origi- 
nating from the anterior communicating 
arterv and 14 cases (12.7 per cent) 
aneurysm from the anterior cerebral arterv. 
Only 3 patients (2.7 per cent) had an- 
eurvsm at the basilar arterv and the same 
number had aneurysm of unknown origin. 
The size of each aneurysm was recorded 
and its length was used for classification. 
Descriptive terms of sizes are usually very 
individual and often lead to erroneous con- 
ceptions. The aneurysms were therefore 
DU 2 into L3 categories: (1) 
5 m uU a 0 of 44 ud ies (2) the 
medium-sized group (measuring from 6 to 
1 5 mm.) consisting of 38 cases; (3) the 
large-sized group (ranging from 16 to 30 
mm.) comprising 14 cases; and (4) the very 
large-sized group (31 mm. and over) with 
§ cases; g aneurysms were of undetermined 


Sue ก อ th rom oe was noted n 

ean Graups 3; and 2 in Co 4 (Ta ble 11). 

Minute thrombi are not visible in the 
artertogram unless they produce some ir- 
regularity at the wall of the aneurysm. The 
thrombi referred to in this series are those 
which have at least obliterated a fifth of the 
lumen. The thrombi were of varving sizes 
and located principally in the fundus. 

The histologic reports of arteries adjacent 
to the aneurysm were reviewed and showed 
that partial arterial thrombosis was present 
in 18 cases. Atheromatosis was present in 61 
cases at various sites of the arterial tree 
but mainly in the vicinity of the aneurysm. 
'O pathologic changes were found in the 
remaining 31 arterial specimens. A correla- 
tion of the findings in the anatomico- 
pathologic specimens with the correspond- 
ing arteriograms was attempted. It was 
found, howev er, that in only 62 of the 110 
cases was arteriography per formed and 48 
patients did not undergo arteriography. In 
the group without arteriography, 12 an- 
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Tage H 


| Group 1 Group 2 
| |j Small Size | Medium Size | 
| 0 j| (15mm) j| (6-15 mm.) | 


i H 
i t 


Autopsy and Surgical File 


60 | 44 | 38 


db 
| © 


Roentgenographic File 


r3 
๐ 
o 


- 


Grand Total 


| 44 | 3? | 
i i : 


Doa 
Dod 
1 

Q 





eurysms contained thrombi which most 
likely would have been demonstrated on 
arteriograms. The remaining 36 cases 
showed no evidence of thrombosis macro- 
scopically. Of the 62 patients with arteriog- 
raphy, no thrombosis was found in 45 cases; 
the remaining 17 cases contained thrombi 
of varying extent (Table ri). Each of the 
pathologically verified cases of aneurysms 
was carefully correlated with the carotid 
angiograms. All roentgenograms of each 
case, including those of various time phases, 
were reviewed. 

Study of the arteriograms of 17 cases of 
aneurysms proven by autopsy or surgery 
showed 3 which were unsatisfactory for 
evaluation from the roentgenologic point of 
view. Due to the rather small number of 
proven aneurysms available, 9 cases of 
carotid cavernous sinus aneurysms were 
added to the series, all of which had definite 
roentgenologic proof of partial thrombosis 
and could, theretore, logically be included. 
The actual number of cases of carotid 
cavernous sinus aneurysms in which ar- 
teriography was performed was 14; 2 had 
been verified pathologically and were in- 
cluded in the main series of proven cases; 3 


Group 3 
Large Size 
(16-30 mm.) 


Groupa4 — | 
Extra Large | Undetermined | 
| (1 mm.-over) | | 


Total 


(Intracavernous sinus aneurysms) 


14 f 9 | อ 
T | 6 | ๐ | 12 


= | 5 i 9 | 122 


i 


Thrombosed Aneurysms 


t3 
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Ff 
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cases showed no evidence of thrombosis, 
thus, only the remaining อ cases were 
added. In this group of patients the major- 


Tance HI 


INCIDENCE OF THROMBOSIS OF 
INTRACRANIAL ANEURYSMS 


110 Aneurysms (Autopsy and Surgical File) 
Arteriography—Thrombosis pow. 
Arteriography—No Thrombosis AS | 
No Arteriography— Thrombosis mel 


No Arteriography—No Thrombosis 36 | 
110 Arterial Specimens 


Arterial Thrombosis 18 
Atheromatous Changes 61 
No Pathologic Findings ai 


Intracavzeruous Sinus Aneurysms (Roentgen-Ray File) 


Arteriography-— Thrombosis 9 
12 
Arteriograph y—No Thrombosis ati 


Total 


"In 3 cases the arteriograms were unsatisfactory for evalu- 
ation. 
T These 3 cases are not included in the series. 
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ROENTGEN SIGNS IN THE PRESENCE OF 
THROMBOSIS OF INTRACRANIAL ANEURYSMS 


Partial 
Thrombosis 


No associated 
changes 

Bone changes 

Calcification 

Bone changes plus 
calcification 

Semilunar defect 

Central defect 

Contrast lag 

Meningioma simu- 
lating aneurysm 

Complete 
thrombosts 


Total 





ity were females. Of the 12 cases of cavern- 
ous sinus aneurysms, 6 could be classified 
into Group 3 and 6 into Group 4 (Table 11). 
The ages ranged within the limits of those 
in the main series. Altogether 23 cases, 14 
histologically verified and g roentgenolog- 
ically proven, were available for review. 

In Table 1v are listed the roentgen signs 
which were noted in the presence of partial 
and complete aneurysmal thrombosis. Dis- 
placement of the vessels adjacent to the 
thrombosed aneurysm was found in 15 
cases, mainly in the larger type of an- 
eurysm; 7 cases showed arterial displace- 
ment only, without secondary changes. The 
remaining 8 cases were associated with 
other changes, such as erosion or bone 
destruction, aneurysmal wall calcifications 
or bone changes and calcifications com- 
bined, a meningioma simulating aneurysm, 
and 1 case with a large aneurysm showing 
complete thrombosis. No vascular displace- 
ment was noted in 8 cases, with findings 
of a semilunar filling defect, central clot, 
lag of contrast material and complete 
thrombosis of the aneurysm. 

In 7 cases there was displacement of the 
intracranial vessels only, outlining in the 
majority the thrombosed part of the ad- 
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jacent aneurysm without evidence of sec- 
ondary changes. Displacement of the ca- 
rotid artery ไท the presence of cavernous 
sinus aneurysms associated with bone 
changes such as unilateral erosion of the 
sella turcica, widening of the superior 
orbital fissure and erosion of the lower, 
outer wall of the optic foramen, was noted 
ไท 3 cases. 


ILLUSTRATIVE CASES 


Displacement associated with bone 
changes and aneurysmal calcifications was 
present in 1 case (Case 1). 


Case r. A male, aged 67, was admitted in 
1955 with a 7 year history of ptosis, proptosis . 
and impairment of vision of the right side. For 
about the same length of time he complained of 
weakness of both hands. Nine months prior to 
admission his mental capacities gradually be- 
gan decreasing and in the last 10 days he be- 
came confused and disoriented. 

On examination, the patient was found to 
have complete ptosis and proptosis as well as 
complete ophthalmoplegia on the right side. 
Marked weakness and wasting of the forearms 
and particularly of the triceps muscles were 
noted, predominantly on the left. 

The plain skull roentgenograms revealed 
gross destruction of the pituitary fossa (Fig. 
14). The posterior clinoids were thinned and the 
floor of the fossa was grossly excavated and de- 
pressed. There was evidence of a shell-like 
calcification at the posterior aspect of the sella 
turcica. The frontal study showed evidence of 
erosion of the right supraorbital fissure. Carotid 
angiograms demonstrated an aneurysm meas- 
uring IX1.8X1.5 cm. located in the cavernous 
sinus. It was presumed that the aneurysmal sac 
was thrombosed to a considerable extent, thus 
explaining the widening of the siphon, posterior 
displacement of the cavernous portion of the 
carotid between lingula-petrosal process. and 
siphon loop, erosion of bone and curvilinear 
calcification (Fig. 18). 

At autopsy, a large aneurysm was found at 
the intracavernous portion of the carotid artery. 
Anteriorly and posteriorly it had eroded bone. 
A moderate sized thrombus was present within 
the aneurysm. 


Calcifications associated with aneurysms 
and displacement of one of the adjacent 
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intracranial arterial branches were found 
in 2 instances. Only a portion of the an- 
eurvsm was outlined by contrast material. 
In these instances the actual size of the 
aneurvsm can be determined by the cal- 
cifications away trom the aneurysm and the 
extent of the displacement of the vessels 


(Case 11). 

Case n. A female, aged 67 years, was ad- 
mitted in 1929 because a brain tumor was sus- 
pected. Two vears prior to admission she had 
a stroke resulting in right hemiparesis. She had 
been bedridden ever since then with varving de- 
grees of consciousness, 
continent. The cerebrospinal fluid was xantho- 
chromic with a protein of 180 mg. per cent. The 
patient gradually deteriorated, became coma- 
tose and did not respond to painful stimuli. The 
pupils were fixed and dilated and she developed 
bilateral papilledema. The plain skull roent- 
genogram showed a calcified lesion near the mid- 
hne. A left carotid angiogram revealed a very 
large aneurysm extending upwards and back. 
wards from the bifurcation of the left internal 
carotid artery. The anterior cerebral vessels 
were displaced about 2.5 em. to the right. Intra- 


cranial calcifications close to the aneurysm sug- 
gested that the aneurysm was considerably 


larger (Fig. 2, Jand B). 

The patient died approximately 6 weeks after 
arteriography. Postmortem examination re- 
vealed a very large aneurysm, measuring 5X4 
X 5.5 em., originating from the internal carotid 
artery shghtly above the posterior communicat- 
ing artery. In the midzone of the aneurysm, a 
laminated clot was found occupying the lateral 
two-thirds of the posterior part of the aneu- 
rysm. A layer of laminated clot lined the ven- 
tral parts. A calcified mass was present in the 
posterior part of the aneurysm. 


An aneurvsm showing calcification but 
no vascular displacement was found in i 
case. A semilunar filling defect in an an- 
eurysm was demonstrated in 2 cases. In 1 
case the convexity of the defect pointed 
toward the contrast shadow and in the 
other away from it. At autopsy, thrombus 
was found in the fundal portion of the 


aneurysm (Case 11). 


Case mi. A female, aged $2 years, was ad- 
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Fic. 1. Case 1. (4) Lateral roentgenogram of the 
sella turcica showing a shell hike calcification 1 em. 
posterior to the dorsum sellae. There is gross de- 
struction of the pituitary fossa. (2) Lateral carotid 
arteriogram demonstrates an intracavernous sinus 
aneurysm with widening of the siphon and poste- 
nor displacement of the carotid between lingula. 
petrosal process and siphon loop. The thrombus is 
delineated between the posterior aspect of the 
aneurysm and the shell like calcification. 


mitted in. 1957. because of sudden collapse. 
About 4 vears prior to admission she became 


unconscious for a short time and developed a 


This was tollowed by hypertension. 

On examination there was evidence of com- 
plete right ptosis, a dilated right pupil and up- 
ward deviation of the right eve. Bilateral ex- 
tensor plantar responses with absent abdominal 
reflexes were found. The blood pressure was 260 
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Pig. 2. Case 11. 2 and B) Carotid arteriograms showing a large aneurvsm originating from the internal 
carotid artery. Caleiication and displacement of the arteries delineate the true size of the partially throm- 
bosed aneurysm. 


mm. Hg and the cerebrospinal fluid. pressure originating from the posterior communicating 
was 150 mm. A right ie angiogram dem- artery adjacent to the sella. turcica with a 


onstrated an aneurysm originating from the thrombus in the fundal region. 


right internal carotid artery at the origin ot the | es | 

posterior communicating artery (Fig P Thè In i instance a filling detect representing 
patient died 2 months after ear a Post. thrombus was found in the central portion 
mortem examination showed an aneurysm of a readily demonstrable aneurysm. The 
diagnosis offered no particular difficulty 


Case tv. A female, aged g5 years, was ad- 
mitted in 1955. The patient had been well until 
11 davs prior to admission when she suddenly 
became unconscious for a short period of time 
and later complained ot occipital headaches and 
pain throughout her body. 

On examination neck stiffness with a nega- 
tive Kernig sign was noted. Lumbar puncture 
revealed heavily blood stained Huid and a pro- 
tein content of 160 mg. per cent. She then de- 
velop - right hemiplegia and minimal dys- 
phas Subse quently, the pupils became fixed 
and dilated and the eves deviated to the left. 
The corneal reflex was absent on the right. The 
patient developed facial palsy, flaccid paralysis 
of the right arm and leg and minimal response 
to painful stimuli in the left arm and leg. There 
was flexor aee response on the left with ab- 
sent reflex on the right. 

Left carotid angiography revealed แ moderate 
sized aneurysm at the bifurcation of the in- 





bic. 3. Case ni. Lateral carotid angiogram shows an 
aneurysm arising from the posterior communicating 
artery. A semilunar filling defect is seen at the | - 
posterior aspect of the aneurysm produced by ternal carotid Artery, An irregular negative 


thrombus located at the fundus. filling defect was seen in the center of the aneu- 
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Pic. 4. Case tv. 67 and B) Carotid arteriograms show aneurysm at the bifurcation of the internal 


ฮ่ 


rysm indicating the presence of thrombus (Fig. 
4, 7 and B). The patient died a few months 
after carotid ligation. On postmortem examina- 
tion an aneurysm was found just above the 
ongin of the left posterior communicating 
artery. The left common carotid artery. was 
ligated below its bifurcation. Recent thrombus 
filed the entire arterv above and below the 
ligature and extended up and into the aneu- 
rysm. 


In 3 cases retention of contrast material 
occurred in all phases, with contrast lav- 
ering being demonstrated in 2 of these 


(Case v). 


Case v. A male, aged 45 vears, was admitted 
เท 1961, At midnight of the day before admis- 
sion the patient suddenly became rigid, drowsy 
and vomited at quarter hourly intervals. AL 
though he improved slightly in the morning, he 
complained of headaches and vomited at about 
hourly intervals during the day. During the 
afternoon he experienced profuse sweating and 
chills for approximately an hour. Later he be- 
came progressively confused and disorientated. 

On examination he had mild neck stiffness. 
Both plantar reflexes were extensor. The re- 
mainder of the examination was normal. The 
lumbar puncture showed markedly blood 
stained fluid. 
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Follow-up examination 12 hours later re- 
vealed increased neck stiffness, no light reaction 
of the left pupil, and mild right-sided weakness. 

A left carotid arteriogram showed a large 
ragged, roughly spherical shaped aneurysm 
about 2.5 cm.in diameter taking origin from the 
termination of the carotid artery at its bifurca- 
tion. There was a considerable lag of contrast 
material in the aneurysm which was still 
opacified in the late phlebograms (Vig. z, .7, B 
and C). A right carotid angiogram showed a 1.2 
cm. aneurysm at the bifurcation of the right in- 
ternal carotid artery. The patient gradually de- 
teriorated and died 3 days after admission. 

Postmortem examination revealed a spher- 
ical aneurysm, measuring 1.2 cm., originating 
from the right internal carotid artery at its bi- 
furcation. This aneurysm had not ruptured. A 
larger aneurysm, measuring 4 cm. in its largest 
diameter, was seen arising from the internal 
carotid artery at its bifurcation. The wall of the 
aneurysm was lined by laminated old thrombus 
to a depth of r em. 


In 1 instance the presenting aneurysm 
closely resembled a meningioma. The fine 
network of contrast material delineating a 
spongy thrombus simulated meningioma 
vessels. In such cases a careful evaluation 
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Fic. 5. Case v. C4, B and C) Carotid arterio- 

grams demonstrate an aneurysm somewhat 
ragged in outline originating from the bi- 
furcation of the internal carotid artery, The 
aneurysm is still opacified in the late phlebo- 
gram phase. The irregularity represents the 
anterior aspect of the thrombus. 








of the roentgenograms will provide the 
correct diagnosis (Case v1). 


Case vr. A female, aged £2 vears, entered the 
hospital because of double vision. Twenty- 
seven vears prior to admission, the patient had 
complained intermittently of black spots in the 
central vision of both eves followed by severe 
frontal headaches with occasional vomiting. 
Between the ages of 30 to £o years the symp- 
toms became less frequent. Eventually, double 
vision developed when looking to the right, 
with a recurrence 6 months before admission. 
Her vision gradually deteriorated. 

On examination a mild visual impairment 
was found. There was optic atrophy, fourth and 
sixth nerve palsy, possible Horner’s syndrome 
and a questionable involvement of the third 
nerve on the right. 

A right carotid angiogram showed a well cir- 
cumseribed collection of “pathologic vessels” in 
the middle fossa displacing the terminal portion 
of the carotid siphon anteriorly and elevating 
the middle cerebral arteries. This had the ap- 


pearance of an extradural tumor (Fig. 6, 4, B 
and C). 

At operation a large bluish extradural tumor 
arising from the floor of the middle fossa was 
exposed measuring 4 em. in diameter. Palpation 
gave the impression of the presence of a cvstic 
lesion. Its appearance was that of an aneurysm. 
A needle was inserted through a firm capsule 
and pure arterial blood was aspirated. 


In 2 instances complete thrombosis was 
present without contrast medium filling 
the aneurvsm. In 1 case the aneurysm was 
only 2 mm. in size and no displacement of 
neighboring vessels was evident. In the 
other, displacement of the adjacent vessels 
was demonstrated along with certain fea- 
tures which resembled those of an avascular 
tumor such as a meningioma (Case vir). 


Case vnu. A male, aged 62 vears, was ad- 
mitted because of headaches and personalitv 
changes which developed 6 months earlier. On 
examination. there were signs of mental re- 
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and "Witzelsucht." A left facial 


tardation 
paresis was present. Papilledema and a slight 
increase in the tone of the right arm and leg 


were questionable findings. Extensor left 
plantar response was present. 

Plain skull roentgenograms showed several 
curvilinear calcifications in the left frontal re- 
gion associated with a series of dotted calcifica- 
tions in the more cranial portions of the frontal 
lobe. 

A left carotid angiogram showed a depressed 
upper loop of the siphon and a smooth back- 
ward displacement of the left anterior cerebral 
artery for about 5 cm. of its length, having the 


- 


Fic. 6. Case vr. C4, B and C) Carotid angio- 





grams showing a fine network of contrast 
substance delineating a spongy thrombus 
during the arteriovenous phase. The dis- 
placement of the intracavernous portion of 
the carotid artery indicates the presence of 
an extradural tumor. (The findings are 
similar to a middle fossa meningioma.) 


appearance of being stretched around a space- 
occupying lesion in the left frontal lobe. Super- 
imposed upon the left anterior cerebral artery 
was an abnormal vessel which was wide and tr- 
regular and had upon it varices filled with con- 
trast material in the late arterial and phlebo- 
gram phases. ไท particular, one vessel of this 
complex persisted (in the late phlebogram 
phase) and ran upwards and backwards to the 
inner table toward the bregma (Fig. 7, -7, B and 
C). At operation, after removal of the night 
frontal lobe, a fairly large smooth plum colored 
tumor was seen which separated easily from the 
brain substance. There were several large ves- 








sels spread over and intimately related to the 
tumor. Chocolate colored blood oozed from the 
rumor. Large atheromatous vessels were ex- 
posed on the left which also were in close rela- 
tion to the tumor. The rumor became mobile, 
revealing a large aneurysm. 

The pathology specimen showed a large 
aneurysm filled with organizing thrombus. At- 
tached to the surface of the sac were two fairly 
large, partly calcified arteriosclerotic arteries. 
In one region the two arteries were ไท continu- 
itv. Phe sac originated near the junction of the 
two arteries. 
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DISCUSSION 


The correct roentgen diagnosis of an- 
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lic: Quse vir o7, 7 amd C Carotid angi 
grams showing a completely thrombosed 
aneurvsm producing vascular displacements, 
pi of the adjacent arteries can be 
een, There is a lag of contrast in the adja- 
cent arteries in the late phlebogram phase. 
A communicating demonstrated 


originating in the vicinity of the aneurysm. 
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eurvsmal thrombosis is difficult. Prior to 
cerebral angiography, aneurysms have been 


M = 


diagnosed in plain skull roentgenograms by 
their typical curvilinear calcification, which 
is a sequela of necrosis. Caleification may 
occur in any tissue laver of the aneurysm, 
and, if associated with changes of the inner 
tissue. laver, thrombus formation may 
result. Without involvement of the intima, 
mural thrombosis will be absent. The satis- 
factory assessment of aneurysmal throm- 
bosis by plain skull. roentgenography 1s 
hardly possible since no information can be 
obtained about the inner wall of the an- 
eurysm. The ready demonstration of an- 
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eurvsms by cerebral angiography affords a 
more correct diagnosis. 

The procedure suggested tor the demon- 
stration of a thrombus,'* although very 
accurate, is complicated, time consuming 
and costly. The examination entails a sepa- 
rate injection of lipiodol into the sphenoid 
sinus combined with carotid angiography 
to demonstrate the nonthrombosed portion 
of an infraclinoid aneurysm. 

Flecks of contrast material around an 
aneurysm may deserve consideration as a 
sign of thrombosis; however, only 1 such 
observation has been made since 1941." ไท 
many cases contrast material around an 
aneurysm indicates leakage rather than 
contrast medium absorbed in the thrombus. 

The retention of contrast material within 
the entire aneurysm or at the fundal por- 
tion visualized in all three phases has been 
explained as a cause of the decreased cir- 
culatory velocitv, which is a predisposing 
factor for thrombus formation." It has also 
been shown that the layering of contrast 
material within the aneurvsm can be at- 
tributed to a lag of the opaque medium in 

the dependent portions of the aneurvsm 
because of the higher specific gravity of the 
contrast substance. Three cases in our 
study showed retention of contrast material 
in all 3 phases. A mural thrombus was pres- 
ent in each of these. 

The most common sign in the recognition 
of partial thrombosis 1s the displacement of 
the arteries related to the aneurvsm.' This 
is particularlv true in thrombosis of cavern- 
ous sinus aneurysms in which only the pat- 
ent part is demonstrated. The nonvisual- 
ized space between the displaced artery and 
the contrast demonstrated aneurvsm repre- 
sents the thrombus, which is the causative 
factor of vascular displacement. Curvilin- 
ear or round shaped calcification with the 
concavity directed towards the aneurysm is 
indicative of aneurysmal wall calcification. 
The nonvisualized portion of the aneurysm 
represents the thrombus. In a similar wav, 
bone destruction or erosion occurring in the 
vicinity of the contrast filled aneurvsm will 
indicate the presence of partial thrombosis. 
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In our study it was found that the above 
mentioned factors may occur separately or 
in combination with one another. 

The presence of a convex filling defect in 
the fundal portion of the aneurysm is 
likewise indicative of mural thrombosis. 
The thrombus may, in fact, be located tn 
the central region of the aneurvsm. A 
thrombus mav be solid or, in an occasional 
case, porous. The arteriogram in such an 
instance shows the contrast medium in the 
crevices of the thrombus, simulating the 
appearance of pathologic vessels as seen in 
meningiomas. À careful evaluation of the 
roentgenogram will differentiate these two 
entities. 

Complete thrombosis of an aneurysm 
has, in general, no roentgenographic diag- 
nostic features"? with the exception of the 
displacement of neighboring vessels in the 
presence of large aneurysms. In one of our 

cases of complete thrombosis, varicositv of 
vessels which were related to the space- 
consuming lesion. was observed. The phle- 
bogram phase showed evidence of venae 
comitantes. This particular roentgen ap- 
pearance, normally associated with new 
growth formation, should, in the light of 
this case, be considered in the differential 
diagnosis of a thrombosed aneurysm. 

SUMMARY 

A series of cases of intracranial an- 
eurvsms was reviewed in an effort to estab- 
lish a roentgen diagnostic feature of partial 
or complete aneurvsmal thrombosis. It was 
found that in the majority of the cases dis- 
placement ot vessels adjacent to the par- 
tially thrombosed aneurysm indicated quite 
accuratelv the size and location of the 
thrombus. Bone destruction and curvilinear 
calcifications in the vicinity of the an- 
eurvsm were likewise helpful in estimating 
the presence of a thrombus. The demonstra- 
tion of semilunar and central filling detects 
was indicative of an aneurysm; lag of con- 
trast material and a meningioma-like ap- 
pearance in some instances signified throm- 
bosis. 

30708 N. Greenbriar 
Franklin Village, Michigan 
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AL AORTOGRAPHY* 


By ISRAEL STEINBERG, M.D.+ 


NEW YORK, NEW YORK 


HEN the description of the intrave- 

nous method of abdominal aortog- 
raphy and peripheral arteriography was 
published in 1g§9,'" it was predicted that it 
would prove useful for evaluating the bene- 
fits, complications, and shortcomings of 
reconstructive vascular procedures. These 
expectations have been fulfilled; this report 
Is an account of how intravenous abdominal 
aortography can be utilized for visualizing 
vascular grafts. 


REPORT OF CASES 


Case 1. Thrombosis of left common iliac artery 
teflon graft 20 months following resection of a rup- 
tured abdominal aortic aneurysm. A $4 vear old 
man, previously reported,” was well following 
resection of a large ruptured abdominal aortic 
aneurysm in March, 1960 (Fig. 1, Jand Bi. In 
February, 1962, he began having severe inter- 
mittent claudication of the left leg. Intravenous 
abdominal aortographv on November 20, 1962, 
disclosed complete occlusion of the left common 
iliac artery graft a short distance from the bi- 
furcated prosthesis (Fig. 1C). 

Exploratory operation by Dr. S. W. Moore 
on) 





'ovember 26, 1962, revealed metastatic car- 
cinoma in the liver; the original site of this le- 
sion could not be determined. The teflon graft 
contained thrombus in the left bifurcation limb 
and resection of the area with end-to-side 
anastomosis to a new teflon prosthesis resulted 
in excellent blood flow into the left leg. He was 
discharged อ ท December 17, 1962. 

Case 11. Demonstration of intact abdominal 
aortic prosthesis 6 months after resection of ab- 
dominal aortic aneurysm. A 63 year old man de- 
veloped sudden severe abdominal pain 6 months 
following successful resection of an abdominal 
aortic aneurysm (Fig. 2, ,7 and B) and replace- 
ment with a teflon graft. Intravenous abdomi- 
nal aortography was performed on October 3, 
1962, in order to rule out hemorrhage from the 


graft. It revealed an intact prosthesis (Fig. 2, 
C and Dj. Following a period of observation 
during which the stools were free of blood and 
the hematocrit normal, he was discharged. 


Case in, Visualization of an intact homograft 
0 vears followine resection of an abdominal aortic 
aneurysm. À Og year old man began having leg 
pains 6 vears following resection of an abdomi- 
nal aortic aneurysm (Fig. 3.7), which had been 
replaced by a homograft on November 20, 
1956, Intravenous abdominal aortography on 
June 25, 1963, (Fig. 38) and aortotomography 
(Vig. 3C) showed an intact well-functioning 
graft. 


Case iv. Thrombosis of left iliac limb of an 
aortic nylon graft 3 years following operation for 
occlusive disease of the abdominal aorta, A 65 
year old woman with severe obliterative arterio- 
sclerotic disease of the abdominal aorta (Fig. 
4:7) had had a resection of the abdominal aorta 
with replacement by a nylon prosthetic bifurca- 
tion graft, Because of abdominal pain, intra- 
venous abdominal aortography was performed 
on February 16, 1960. This revealed intact ab- 
dominal aortic blood flow except for some 
stenosis of the left common iliac prosthesis 
along the suture line to the left common iliac 
artery (lig. 48). Four months later, there was 
recurrence of the abdominal pain and an ex- 
ploratorv operation in June, 1960, revealed 
partial bowel obstruction due to adhesions. 
She was re-admitted in September, 1961, be- 
cause of gradual onset of severe intermittent 
claudication of the left leg. An intravenous ab- 
dominal aortogram at this time showed com- 
plete occlusion of the left limb of the aortic 
prosthesis close to the bifurcation (Fig. 4C). 
This was confirmed at operation. Replacement 
of the nylon prosthesis with endarterectomy of 
the left common iliac artery beginning distal to 
the graft was done on October 29, 1961, and 
resulted in restoration of pulsations of the ar- 
teries of the left leg. 


* From the Departments of Radiology and Medicine, The New York Hospital--Cornell Medical Center, New York, New York. 
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Case v. Mycotte aneurysm of the abdominal 
aorta following Salmonella septicemia. A $4 year 
old man, who had had partial resection of his 
stomach in 1948 for a gastric ulcer and resection 
of an abdominal aortic aneurysm with replace- 
ment bv a teflon graft on May 24, 1962 (Fig. 
t4), developed a mycotic aneurysm proximal 





to the graft. He was re-admitted อ ท October 

962, because of gastroenteritis, diarrhea, 
and fever. The stools were positive for Salmo- 
nella typhimurium, After treatment with chlor- 
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Fic. t. Case 1. G7) Intravenous abdominal aorto- 
gram showing a huge abdominal aortic aneu- 
rysm lined by calcium end thrombus (arrow 
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CB) Photograph of the aortic aneurvsm at oper- 
ation. (C) Intravenous 
20 months later show 
the left. bifurcation of the aortic graft. G7 is 


abdominal aortogram 
fr occlusion arrow 
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amphenicol he became afebrile, but subse- 
quently he had recurrent fever and the blood 
cultures became positive for Salmonella typhi- 
murium. Following retreatment with antibiotic 
drugs he again became febrile and then devel- 
oped positive blood cultures for Salmonella. On 
January 15, 1963, a pulsatile left upper quad- 
rant mass was discovered. Intravenous abdomi. 
nal aortography disclosed a huge saccular 
aneurysm of the abdominal aorta proximal to 
the suture line of the graft (Fig. 5B). Incision 


























hic. 2. Case 1L 67) Intravenous abdominal aortozram showing an abdominal aortic ancurvsm. (B) Intra. 


venous aortotomogram demonstrating the large aneurysm Hned by thrombus along the left wall (arrow). 


peat intravenous abdominal aortogram, 7 months later, mide because of sudden onset of abdominal 
pain, showing tortuosity, but without rupture of the graft. (D) Intravenous aortotomogram demonstrating 
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the details of the tortuous but intact graft. Arrows point to suture lines of the graft with the aorta and iliac 
arteries. 
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Fic. 3, Case 111. 64) Translumbar aortogram 
mace in. November, 1966, 3 vears before 
intravenous method was published," 











the 
showing a large aneurysm of the lower ab- 
don aorta, (B) Intravenous abdominal 
aortogram 6 vears later showing an intact 
homograft (the run-off, not shown here) was 
excellent. £C) Intravenous aortotomography 








made soor after revealing the suture line at- 
tachments of the homograft to the abdomi- 
nal aorta and iliac arteries. 
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Pranslumbar aorto- 
gram (August, 1968, before the advent 
of the intravenous method) showing 
severe thrombotic occlusion. of the ab- 


Fic. 4. Case iv. G4) ” 








f 
dominal aorta and aortailiac system bi- 
laterally. (B) Intravenous abdominal 
aortogram 20 months later (February, 





tobo) showing the graft to be patent. 
Narrowing of the left limb of the pros- 


thesis (arrow) is evident. (C) Following 
severe left leg intermittent claudications, 
left alae artery occlusion. (arrow) was 
demonstrated by intravenous abdominal 
aortograph v 2 vears after insertion of the 


graft. 
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and drainage of several abdominal abscesses, 
nephrectomy of the left nonfunctioning kidney, 
and plication of the mycotic aneurysm of the 
abdominal aorta on January 1g, 1963 was fol- 
lowed by subsidence of fever. However, he be- 
came tebrile again อ ท February. 25, 1963 and, 
despite antibiotic therapy, died on March s, 
1963. At autopsy, there was rupture of the my- 
cotic aneurvsm. 


DISCUSSION 


The value of contrast serial roentgenog- 
raphy tor assessing the results of resectional 
surgery for correction of thoracic aortic 
coarctation was recognized in this center in 
1951.* ^ Parler, in. 19439, contrast roent- 
genography had also been used to demon- 
strate aortic anastomoses and grafts in the 
experimental animal ta: "Phe wide use 
of angiography at the present time for 
demonstrating the effectiveness of vascular 
grafts after correctional and by pass surgery 


-- 
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has recently been well described bv De- 
Bakev and his colleagues! and Sutton.” 
Intravenous abdominal aortography, be- 
cause It avoids abdominal aortic puncture 
necessary for translumbar aortography and 
retrograde catheterization of the aorta 
(Seldinger percutaneous femoral arterial 
technique), is admirably suited for visual- 
ization of the abdominal แอ ห ย น 1551 Thereby, 
abdominal aortography even when there 
are complications of the grafts such as 
aneurysms or thrombosis can be accom- 
plished. Javid ef a/" and others??? have 
recently reported such complications. 
Aneurysm and rupture of an abdominal 
aortic graft visualized by intravenous aor- 
tography are shown in Figure s8. Accom- 
panying aortograms show thromboses of 
prosthesis tollowing resection of an aortic 
abdominal aneurvsm (Fig. 1C, Case 1), 


M 
* 


occlusive disease of the abdominal aorta 





lic. g. Case v. 67) Intravenous abdominal aortogram showing an abdominal aortic aneurysm. (8) Intra- 
venous abdominal aortogram g months later revealing a huge myectic aneurysm with thrombus above the 
suture line of the proximal portion of the teflon graft. Note the absence of the left renal artery and non. 
opacification of the left kidnev. 
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(Fig. 4C, Case iv) ang an E eo 
graft dE des suture 
lines were seen after aortotomograph y 
(Fig. 3C). The technique of intravenous 
aortotomographv was “0 published.” 
Two patients with abdominal pain were 
0 of having rupture of the grafts 
(Fig. 2, C and D, Case i; and 4B, Case 
Iv), but intravenous aortography revealed 
intact prostheses. In Case iv, however, 
stenosis at the terminal portion of the 
gratt was demonstrated (Fig. 4B), and this 
subsequently was the site of an extensive 
occlusive lesion (Fig. 4C). 


SUMMARY AND CONCLUSIONS 


Because 1t avoids aortic or arterial punc- 
ture, intravenous abdominal aortography 
is useful and probably safer than trans- 
lumbar and retrograde aortographv for 
visualization. of. abdominal aortic grafts 
following resectional surgery of aneurvsms 
and thrombotic occlusive disease of the 
abdominal aorta. The value of intravenous 
abdominal aortographv, especially intra- 
venous aortotomography, i is well illustrated 
in 4 patients. In ว individuals, abdominal 
aortic grafts were inserted after resection of 
abdominal aortic aneurysm. In the other 
patient, the graft was made following re- 
section of thrombotic occlusive disease of 
the abdominal aorta. In one patient, with 
an intact homograft which has functioned 
for 6 vears, exquisite detail of the pros- 
thesis and the suture lines was demon- 
strated by intravenous aortotomography. 
Two patients presenting with abdominal 
pain after insertions of aortic grafts fol- 
lowing aortic resections for aneurysm and 
occlusive disease, respectively, were found 
to have fairly intact prostheses. In the 
latter case, however, partial stenosis of the 
left limb of the prosthesis was subsequently 
(a vear later) the site of complete occlusion. 
Intravenous abdominal aortography proved 
to be the ideal method for demonstrating a 
mycotic abdominal aneurysm due to Sal. 
monella typhimurium which developed in a 


Visualization of Vessel Grafts 


1345 


teflon graft that had replaced an arterio- 
sclerotic aneurysm. 


The New York Hospital-—Cornell Medical Center 
525 East 68th Street 
ew York 21, New York 
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RET ROGRADE catheterization of the 


thoracic aorta had its origin in the 
work of Radner and was given great 
impetus by the technique of Seldinger®® 
which permitted e easy percutaneous cathe- 
terization of peripheral arteries. Aortog- 
raphy at first was used to evaluate coarc- 
tation of the aorta or patent ductus 
arteriosus!^?? and later to diagnose aortic 
insufficiency! and estimate its severity.” 
Following initial roentgenographic obser- 
vations regarding gross changes in the 
thoracic aorta in patients with aortic valve 
stenosis, ^7 Castenfors ef al, Ödman 
and Philipson, and Kjellberg e£ al. de- 
tailed the morphologic and hemodynamic 
abnormalities in the valve itself demon- 
strable angiographically in patients with 
this disease. Odman and Philipson de- 
scribed the radiolucent jet of unopacified 
blood ejected into the opacified aorta 
through the stenosed valve leaflets and 
stated "it ought to be possible to estimate 
the width of the orifice on the basis of the 
Jet's calibre.” 

The purpose of this paper is to present 
our findings in 22 patients with aortic valve 
stenosis In whom a Jet could be measured 
during thoracic aortograph y (Fig. 1). The 
size of the Jet at its base, corresponding to 
the size of the valve ostium, was corrected 
for roentgenographic magnification, calcu- 
lated per square meter of body e area 
of the patient, and correlated with other 
clinical, roentgenologic, hemodynamic, and 
surgical data. À program for the preopera- 
tive evaluation of patients with suspected 
aortic valve stenosis has evolved. 





lic. i 


Case 2. Thoracic aortogram in a 12 vear old 
girl with congenital aortic valve stenosis, Patient 
in slight right posterior oblique position. The ex- 
amination shows doming of aortic valve leaflets and 
a radiolucent jet produced by ejection of unopaci- 
fed blood from the left ventricle through the 
stenosed valve leaflets into the opacified aorta. 


The area of the valve ostium is 3 per cent of the 
area of the aorta. There is waist formation at the 
base of the aorta and poststenotic dilatation of the 
more distal ascending aorta. 


MATERIALS AND METHODS 
Included in this study were 22 patients 
with aortic valve stenosis, 16 males and : 
females. Patients ranged in age from 2 to § 


* From the Edward Mallinckrodt Institute of Radiology and Department of Pediatrics, W ashington University School of Medicine, 


St. 0 0 


1963. 
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vears, with onlv 2 being more than 19 years 
old. Congenital stenosis was present in 19 
patients and acquired rheumatic stenosis in 
3 (Cases 3, 6 and 7). The severity of stenosis 
was rated clinically on the basis of o to 4 
plus, with particular emphasis placed on 
dyspnea, exercise tolerance, syncope, pre- 
cordial pain, congestive heart tailure, and 
electrocardiographic findings. In all but 1 


patient conventional roentgenograms of 


the chest were made in posteroanterior, lett 
lateral, and right and left anterior oblique 
positions following barium swallow. In 
these patients cardiac size, lett ventricular 
hypertrophy, poststenotic di latation of the 
ascending aorta, left atrial size and evi- 
แก in the lungs ot left ' failure were 


All patients ia homes for 
evaluation of the aortic valve, and 10 had 
preceding right heart catheterization and 
pulmonary artery angiocardiography. Ex- 
aminations were done in children under 
general anesthesia and in patients over 1 ๐ 
vears old under local lidocaine hydro- 
chloride* anesthesia with diphenhydramine 
hydrochloride’ and meperidine hydrochlo- 
ride’ premedication. All studies were per- 
formed by cut- dawn or a ec peel 


Teflon ง or ย Rr 
Odman-Ledin tubing? in ล common femoral 
artery or vein or antecubital vein. During 
catheterization pressure recordings were ob- 
tained with a Statham physiologic pressure 
transducer, and oxvgen saturations were 
obtained with a Model XNC-soB oximeter 
cuvette. In those patients in whom the 
catheter could be passed through the 
stenosed aortic valve, a pressure gradient 
between the aorta and left ventricle was 
obtained prior to angiography. The cathe- 

* Xylocaine hydrochloride, Astra Pharmaceutical Products, 
Incorporated, Worcester, Massachusetts. 

^ Benadryl, Parke Davis and Company, Detroit, Michigan. 

* Demerol, Breon Laboratories, New York, New York. 

d Supplied by United States Catheter and Instrument Corp- 
oration, Glens Falls, New York. 

£ n pled by KIFA Instrument and Equipment Company of 
Sweden through Schick X-ray Company, Incorporated, 205 West 
Wacker Drive, Chicago, Hhnois. 


i Statham Transducers, Inc., Hato Rey, Puerto Rico, 
z The Waters Corporation, Rochester, Minnesota. 
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ter was then positioned 3 to § cm. above the 
valve for thoracic aortography. 
For pulmonary artery angiocardiography 


ate’ and for aortography ๐ .8-1.0 ml. of 75 
per cent sodium diatrizoate or 60 per cent 
methylglucamine diatrizoate! per kilogram 
of body weight were injected under 4-9 kg. 
per Sq. cm. ก ล pd a e auto- 


of contrast per onde Omal aie 
ous biplane roentgenography was done with 
the Schónander cut film changer at a rate 
of 4-6 pairs of films per second for pulmo- 
nary artery angiocardiography and6 pairs of 
films per second for thoracic aortography. 
For pulmonary artery angiocardiography 

all patients were supine, and roentgeno- 
grams were made in the anteroposterior 
and lett Jateral projections. For thoracic 
aortography 16 patients were supine, and 
roentgenograms were made in the antero- 
posterior and left lateral projections; the 
remaining 6 patients were placed in an 
approximately 30 degree right posterior 
oblique position, and right posterior oblique 
and left posterior oblique roentgenograms 
were obtained. of injection of the 
contrast material and times of film expo- 
sures were recorded on a continuous electro- 
cardiographic tracing during the proce- 
dures. 

In all patients having pulmonary artery 
angiocardiography, the left atrial volumes 
were calculated during maximum atrial 
diastole by the method of Arvidsson and 
OÓdman,! and thickness of the left ventricle 
in the mid-portion of its lett lateral border 
was measured during maximum ventricular 
diastole. The cross-sectional diameter of the 
aortic Jet was measured in the projection in 
which its appearance was most distinct. Of 
the 16 patients who were in the supine posl- 
tion, the Jet was measured in the antero- 
posterior projection in 14 and in the lateral 
projection in 2. Of the 6 patients who were 
New 


^ Hypaque, Winthrop Laboratories, 1450 Broadway, 


York 18, New York. 
! Renografin, E. R. Squibb and Sons, 
York 22, New York, 
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in the right posterior oblique position, the 
Jet was measured in this projection in 5 and 
in the left posterior oblique projection in 1. 
No allowance was made for the contribu- 
tion to the apparent diameter of the jet 
made by the thickness of the radiopaque 
aortic valve leaflets in the open position. 
The cross-sectional diameters and areas of 
the aorta immediately above the sinuses of 
Valsalva and at the level of maximum 
poststenotic dilatation were measured dur- 
ing ventricular systole, using right angle 
projections. All measurements were cor- 
rected for roentgenographic magnification 
and expressed per square meter of body 
surface area. 





RESULTS (TABLE I) 

Thirteen of the 22 patients were entirely 
asymptomatic and, except for systolic ejec- 
tion murmurs, had no clinical evidence of 
aortic stenosis. Of the remaining 9 patients, 
the clinical severitv of the heart disease was 
judged to be one plus in z, two plus in 3, 
and four plus in 1 patient. Four of the อ 
symptomatic patients had additional heart 
valve lesions. Clinical symptoms and elec- 
trocardiographic abnormalities tended to 
occur in patients in whom the area of the 
valve ostium was less than 10 and 15 per 
cent, respectivelv, of the area of the aorta 
immediately above the valve, but no strict 
correlations were demonstrated. In con- 
ventional roentgenograms of the chest, 
there was no correlation between the 
severity of stenosis and the degree of left 
ventricular hypertrophy, poststenotic dila- 
tation of the ascending aorta, left atrial 
enlargement or pulmonary venous conges- 
tion. The cardiothoracic ratio in postero- 
anterior roentgenograms of the chest was 
less than so per cent in all patients with 
uncomplicated aortic valve stenosis and 
was greater than ṣo per cent only in pa- 
tients with additional valve lesions. 

Angiographically, the diameter of the 
aortic Jet at its base was less than 12 mm. 
per square meter of bodv surface area in all 
patients in this series. The area of the 
ostium, calculated from the diameter of the 
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Jet and assuming the jet was round, ranged 
from 7.2 to 84 sq. mm. per square meter of 
body surface area. In 20 of 22 patients the 
area of the ostium was less than 60 sq. mm. 
per square meter of body surface area. The 
cross-sectional area of the aorta immedi- 
ately above the valve was 101-630 sq. mm. 
per square meter of body surface area. The 
aortic area in 19 of 22 patients was between 


maximum aortic area immediately above 
the valve was 300 + 150 sq. mm. per square 
meter of body surface area. The cross-sec- 
tional area of the ascending aorta at the 
level of maximum poststenotic dilatation 
was 296—1,050 sq. mm. per square meter of 
body surface area. In 20 of 22 patients the 
area of poststenotic dilatation was greater 
than 450 sq. mm. per square meter of body 
surface area. Thickness of the left ventricu- 
lar wall measured during maximum ventric- 
ular diastole was 5.3-9.3 mm. per square 
meter of body surface area. In 10 of 11 
patients the left atrial volume was 25-49 
ml. per square meter of bodv surface area. 
Left atrial volumes, therefore, were at the 
upper limits of normal or slightly enlarged, 
since the normal left atrial volume calcu- 
lated in control patients was 30 + 1 ๐ ml. 
per square meter of body surface area. This 
confirms the findings of others? 99 that 
the left atrium may be slightly enlarged in 
some patients with aortic valve stenosis. 
There was no correlation between the area 
of the valve ostium and the thickness of the 
left ventricular muscle, the volume of the 
left atrium, or the degree of poststenotic 
dilatation of the aorta. ; 

The diameter of the aortic jet at its base, 
corresponding to the valve ostium, was 
14 62 per cent of the diameter of the aorta 
measured immediately above the valve. 
Twenty of 22 patients had diameters less 


areas less than one-fourth of the aortic area. 
The angiographic findings correlated quite 
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well with the degree of stenosis found dur- 

ing surgery in the g patients in whom an 

estimate of the size of the valve opening 
was mentioned in operative reports. 

In all patients the diameter of the post- 
stenotic dilatation. of the aorta in right 
angle s was identical in each projec- 
This tends to confirm 
the belief Pon P poststenótic dilatation is 
primarily the result of unopposed lateral 
centrifugal forces which are exerted by 
opposing, counter-rotating, more or less 
circular backflow currents, rather than the 
result of the jet force directly striking the 
aortic wall.” 

CLINICAL 


EVALUATION OF THE PATIENT 


The diagnosis of congenital or acquired 
aortic valve stenosis usually can be made 
with a high degree of accuracy by clinical 
examination of the patient and conven- 
tional roentgenography of the chest. How- 
ever, it is impossible to determine accu- 
rately the hemodynamic significance of the 
abnormality in these patients by ordinary 
clinical methods. There is no reliable cor- 
relation between the severity of stenosis 
and the patient’s clinical status, electro- 
cardiogram, or conventional roentgeno- 
grams of the chest. Significant aortic steno- 
sis frequently is found in entirely asympto- 
matic patients.“ Although electrocardio- 
graphic changes of left ventricular hyper- 
trophy®™ or T wave negativity over the left 
ventricle? may correlate to some extent 
with the systolic pressure gradient, patients 
may have severe aortic stenosis with nor- 
mal electrocardiograms™ or be in critical 
condition with minimal electrocardio- 
graphic abnormalities.’ In adults the sever- 
ity of stenosis, as indicated by the trans- 
valvar systolic pressure gradient, does not 
correlate with either the degree of cardiac 
enlargement, left ventricular hyper- 
1 n ๐ poststenotic dilatation of the 
aorta*^"* on conventional roentgenograms 
of the deci either does the aortic valve 
area, estimated at cardiac catheterization, 
appear to correlate with these roentgen 
findings.** Furthermore, the presence of 
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poststenotic dilatation cannot alwavs be 
used as a differential feature distinguishing 
valvar from subvalvar aortic stenosis.” 


PRESSURE GRADIENT ACROSS THE VALVE 


In order to select patients properly for 
surgical correction of aortic valve stenosis, 
it Is necessary preoperatively to determine 
its severity. This cannot be done by clinical 
evaluation of the patient or by evaluation 
of the aortic pulse pressure. The systolic 
pressure gradient across the valve is con- 
sidered the most reliable criterion indicat- 
ing the hemodynamic significance of the 
stenosis. A gradient of zo mm. Hg or more 
is considered adequate indication for cor- 
rective surgery. However, in patients with 
aortic valve stenosis, none of the tech- 
niques currently available for obtaining a 
pressure recording in the left ventricle is 
entirely satisfactory. Left ventricular cath- 
eterization via percutaneous paraverte- 
bral transthoracic puncture of the left 
atrium’? has a high morbidity and not 
insignificant mortality.™ 6123631 Transmi- 
tral catheterization of the left ventricle is 
possible after transseptal left atrial punc- 
ture.!*?? However, in patients with isolated 
aortic valve stenosis, puncture of the rela- 
tively small left atrium may be difficult, 
and the catheter often does not remain in 
the left ventricle in patients with associated 
mitral insufficiency. Pressure records may 
be damped when a small catheter is used," 
and increasing the size of the catheter prob- 
ablv increases the risk of the procedure. 
Furthermore, it is not alwavs possible to 
pass the catheter into the aorta for a pres- 
sure recording. Direct percutaneous punc- 
ture of the left ventricle’ has a relatively 
high risk,927.3 and retrograde catheteriza- 
tion through the aortic valvet% is not 
always successful in patients with aortic 
STENOSIS, ^ 20.33. 36,48,63 

Furthermore, the svstolic pressure gradi- 
ent between the left ventricle and the 
aorta or a peripheral artery is inadequate in 
itself for complete ev aluation of a patient 
with suspected aortic stenosis. À pull.back 
pressure recording 15 required to distinguish 
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Dao ht right posterior oblique and (4) shight left posterior oblique thoracic aortograms in 
at iy h congenital aortic valve stenosis. The area of the valve ostium, as calculated from 


aorta, Doming of aortic valve leaflets and poststenotic 
latation of the ascending aorta are demonstrated. The diameter of the poststenotie dilatation is ulentical 
views, indicating that itis primarily the result of unopposed lateral centrif s exerted 
upon the aortic wall. (C 

the patient supine. Right heart catheterization and pulmonary artery angiocardiography are performed to 
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exclude subvalvar and supravalvar aortic stenosis and other cardiac abnormalities. 


Vot. 91, No. 6 


subvalvar, valvar and supravalvar aortic 
stenosis. In addition, aortic?” and trans- 
valvar left ventricular pressures are subject 
to error. The left ventricular pressure may 
be misleadingly low or normal in patients 
who have associated abnormalities which 
decrease the cardiac output, such as mitral 
stenosis or left ventricular failure. Systolic 
pressure in the left ventricle may be exag- 
gerated, if 1t is obtained via a retrograde 
catheter directed through a tight aortic 
valve stenosis." The conditions under which 
the pressures are obtained, such as the 
stress of the examination or general anes- 
thesia, may introduce hemodynamic arti- 
facts. ? Also, the wide variations in re- 
sponses of individuals to similar pathologic 
processes may be responsible for lack of 
correlation of the pressure gradient with the 
severitv of the stenosis. 

Although the size of the stenotic orifice 
may be estimated, using the Gorlin for- 
mula,” from the systolic pressure gradient 
between the left ventricle and aorta with a 
simultaneous cardiac output determina- 
tion, these measurements are difficult to 
obtain and subject to many variables and 
possible errors, as indicated. 


ANGIOCARDIOGRAPHY 


An angiocardiographic technique. com- 
plementary to cardiac catheterization, 
therefore, is desirable for the preoperative 
evaluation of patients suspected clinically 
of having aortic valve stenosis. The tech- 
niques currently utilized are: (1) venous 


90 


angiocardiography,?9/55:3255 (2) pulmonary 
artery angiocardiography,*993 (3) trans- 
septal catheterization of the left heart at 
the atrial level,*'*5* (4) percutaneous 
transthoracic puncture of the left atrium?! 
or the left ventricle, 9 9.3652,556 (c) retro. 
grade catheterization of the left ventricle 
through the aortic valve,?::34.36.48.63.64 and 
(6) retrograde thoracic aortography. 

Al techniques which require injection of 
contrast material at some point proximal to 
the aortic valve result in relatively poor 
definition of the valve ostium and make it 
impossible to demonstrate the aortic jet in 
more than one roentgenogram, if at all. 
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Venous angiocardiographv may show some 
of the more gross changes in the left ven- 
tricle and ascending aorta, and mav localize 
the site of obstruction by exclusion. How- 
ever, details of the valvular apparatus can- 
not be directly observed, and intormation 
regarding the severity of the disease is not 
provided. Furthermore, it is not possible 
with this technique to survey the heart 1 ท 
detail for additional abnormalities. Al- 
though pulmonary artery angiocardiog- 
raphy may evaluate the aortic valve in 
some detail, including demonstration of 
thickened aortic valve leaflets and doming 
of the funnel-shaped cusps into the aorta," 
the size of the ostium cannot be defined 
clearly (Fig. 3, 4 and B). 

lransseptal left heart catheterization 1s 
not without risk,’ and its place in the 
pediatric age group has not vet been estab- 
lished. Percutaneous transthoracic punc- 
ture of the left atrium or left ventricle with 
angiocardiography may demonstrate some 
morphologic abnormalities of the aortic 
valve, such as thickened leaflets, but the 
morbidity and mortality of this procedure 
are relatively high.*! This is especially true 
when a needle large enough for angiocardiog- 
raphy is used? or when catheterization of 
the aorta for pressure recordings 1s done via 
the left ventricular puncture *” Also, with 
this method only a limited survey is possible 
of other cardiac abnormalities. Retrograde 
transvalvar catheterization of the left ven- 
tricle frequently is not possible in the pres- 
ence of aortic steriosis, 59996489 and, fur- 
thermore, detailed evaluation of the valve 
is difficult with a catheter positioned 
through it. 

On the other hand, in patients with 
aortic valve stenosis, thoracic aortography 
permits accurate roentgenographic assess- 
ment of the morphologic and hemodynamic 
abnormalities involving the valve appara- 
tus and ascending aorta. The morphology 
and function of the valve leaflets can be 
studied during the various phases of numer- 
ous cardiac cycles. The abnormalities we 
have noted are identical to those described 
in detail by Ödman and Philipson,? and in 
many respects are similar to those de- 


scribed in patients with congenital pul- 
monary valve stenosis." In aortic valve 
stenosis, the amplitude and speed of move- 
ment of the valve leaflets may be decreased. 
In some patients with rheumatic aortic 
stenosis, the leaflets may appear entirely 
stationary. When the leaflets retract and 
become contiguous during ventricular di- 
astole, they may appear unusually thick. 
During ventricular systole they balloon into 
the aorta, and a radiolucent jet may be 
demonstrated due to ejection of unopacified 
blood from the left ventricle through the 
stenosed ostium into the opacified aorta 


vidual variations in the caliber, distinction, 
direction, and duration of the jet, as well 
as In its position in the valve orifice. The jet 
is demonstrated more frequently and with 
greater distinction in patients with the 


hee 


JENE, 19064 


pliable leaflets of congenital stenosis than 
with the more rigid, immobile leaflets of 
acquired rheumatic stenosis. The latter 
patients usually are larger in size and have 
relatively greater left ventricular decom- 
pensation, factors which contribute to less 
distinct visualization of the jet. Left coro- 
nary artery predominance, associated with 
left ventricular hypertrophy, usually | 
demonstrated. Hemodvyvnamically, whirls 
and eddies of unopacified blood from the 
left ventricle mav be demonstrated in the 
ascending aorta (Fig. 4) with delaved wash- 
out of contrast material from the aorta 
after the end of the injection. There is 
poststenotic dilatation of the ascending 
aorta, especially in its middle segment 
(Fig. 1-5, inclusive), and in some patients 
unusually active pulsations of this segment. 
At times slight narrowing (waist forma- 





Vic. 3. Case 9. G4) Lateral projection during pulmonary artery angiocardiography in g year old girl with con- 
genital aortic valve stenosis. Doming of thickened aortic valve leaflets is demonstrated during ventricular 
systole, and there is poststenotic dilatation of the ascending aorta. The examination excludes subvalvar 
and supravalvar aortic stenosis and other cardiac abnormalities. However, it fails to provide information re- 
garding the severity of the aortic valve stenosis. (B) Left lateral projection during thoracic aortography 
immediately following the pulmonary artery angiocardiogram in the same patient. The domed aortic valve 
leaflets are again demonstrated, and the area of the radiolucent jet is 8 per cent of the area of the aorta, 
indicating severe aortic stenosis, 
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tion) of the aorta at the level of the transi- 
tion between the sinuses and ascending por- 
tion is present (Fig. 1 and ¢, inclusive). 
According to our findings, severe aortic 
stenosis is present when the area of the 
valve ostium, as calculated from the diam- 
eter of the Jet in one projection, is less than 
10 per cent of the area of the aorta, and 
surgery 1s indicated when the area of the 


v 


ostium is reduced to 15 per cent or less of 
the area of the aorta. These findings tend to 


confirm the statements of others that the 
area of the valve orifice must be reduced to 
at least one-fourth normal before the 
stenosis assumes hemodynamic signifi- 
cance,” and that the “critical” orifice area in 


๑ 0i 


adults with pure stenosis is 0.5 em.?.?* They 


are further substantiated by studies of 
pressure gradients and flow rates across 
experimentally produced narrowings of the 
proximal aorta? and renal artery and 
have been confirmed bv observations in an 
experimental model? and autopsy mate- 
Har" 

In spite of the great amount of informa- 
tion about the aortic valve provided bv 
thoracic. aortographv, the technique has 
certain inadequacies. It cannot exclude hy- 
pertrophy of the left ventricular outflow 
tract or survev the heart for additional 
abnormalities. Therefore, right heart cathe- 
terization and pulmonary artery angio- 
cardiography frequently are indicated as 
complementary procedures. It demon. 
strates the jet in only one projection, prob- 
ably in its shorter diameter. Since the valve 
tion, the actual area of the opening mav 
differ to some extent from the area calcu- 
lated on the basis of the diameter measured 
in only one plane. In addition, the radio- 
lucent Jet cannot be precisely defined in 
some patients, even when other changes of 
aortic stenosis, including marked doming of 
valve leaflets into the aorta are classically 
demonstrated (Fig. 5). When the jet is not 
distinet, other methods of determining the 
severity of stenosis must be used. 

An insufficient number of patients have 


been studied to correlate adequately the 
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Fic. 4. Case 5. Thoracic aortogram in an 11 year old 
bov with congenital aortic valve stenosis. The 
aortic valve leaflets dome markedly into the aorta. 
The area of the valve ostium, calculated from the 
diameter of the radiolucent jet, is § per cent of the 
aortic area. There is poststenotic dilatation of the 
ascending aorta and whirling and eddying of blood 
in the ascending aorta, mixing with the contrast 
material. The left coronary arteries are predomi- 
nant, 


size of the valve ostium, as demonstrated 
by the aortic Jet, with the svstolic pressure 
gradient across the valve, as determined bv 
transvalvar left ventricular catheterization. 
It is important to bear in mind that the 
valve leaflets may be markedly deformed 


and/or the ostium considerably reduced in 
area in the absence of a hemodynamically 


significant pressure gradient or reduction in 
flow rate across the valve. 
DISCUSSION 
In the preoperative evaluation of pa- 
tients with aortic valve stenosis, cardiac 
catheterization and angiography are neces- 
sary (1) to confirm the diagnosis and es- 


Friedenberg, 





Fig, c. Thoracic aortogram in an 84 year old boy with 
congenital aortic valve stenosis. The patient is in 
a slight right posterior oblique position. In spite of 
marked doming of aortic valve leaflets, waist for- 
mation at the base of the aorta, and poststenotic 
dilatation of the ascending aorta, a distinct aortic 
jet is not demonstrated. 


pecially to investigate the possible presence 
of supravalvar aortic stenosis or hyper- 
trophv of the left ventricular outflow tract, 
(2) to exclude additional or unsuspectec d 
cardiac abnormalities, and (3) to determine 
the severity of the stenosis. 

Obtaining a pressure gradient across the 
aortic valve to determine the severity of 
stenosis mav involve a high risk or be im- 
possible in some patients. Even when ob- 
tained, it may not accurately indicate the 
severitv of the stenosis. T herefore, we have 
sought an angiographic ‘aging ue com- 
plementary to catheterization which would 
make possible safe and accurate preopera- 
tive evaluation of patients with clinically 
suspected aortic valve stenosis. We believe 
right heart catheterization with pulmonary 
artery angiocardiography is the safest and 
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gradient is most difficult. 
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most effective method of satisfactorily ac- 
complishing the first two requirements 
cited above, and, of the currently utilized 
anglocardiogz7zphic techniques, thoracic aor- 


tography provides the best means of deter- 
mining the severity of the stenosis. There- 


fore, we have evolved the following program 
for preoperative evaluation of patients with 
aortic stenosis: (1) right heart catheteriza- 
tion and pulmonary artery angiocardiog- 
raphy to rule out hypertrophy of the left 
ventricular outflow tract and supravalvar 
aortic stenosis and to exclude additional or 
unsuspected cardiac abnormalities, and (2) 
retrograde catheterization of the left ven- 
tricle through the aortic valve, if possible, 
to obtain a pressure gradient, followed by 
thoracic aortography to confirm the diag- 
nosis of aortic stenosis and estimate its 
severity. We believe more hazardous cathe 
terization and angiocardiography T4 
niques are not justified. 

The above plan has the advantage that 
in patients with minimal stenosis, the left 
ventricle may be catheterized through the 
aortic valve with relative ease; and in pa- 
tients with severe stenosis 1 ท whom the 
valve cannot be passed with a catheter, 
aortographv mav be done to estimate the 


severity of the stenosis by direct measure- 


ment of the ostium. The aortic Jets which 
are most distinct and most amenable to 
accurate calculation are most likely to be 
demonstrated in patients with severe de- 

grees of stenosis in whom retrograde pue 
terization of the left ventricle for a pressure 

In our series, 
this diagnostic approach was most bene- 
ficial to those patients (Cases 2, 4, $, and $) 
with severe stenosis in whom transvalvar 
left ventricular catheterization was impos- 
sible. The area of the ostium 1n these pa- 
tients was calculated to be less than 9 per 
cent of the aortic area; corrective surgery 
Was “0 e d witho out RT 80 d 
of plenos. m in EUN cases severe stenosis 
was found at operation. In those patients 
in whom the ostium area was g-15 per cent 
of the aortic area, unequivocal but rela- 
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tivelv less severe stenosis was found 
surgery, and only minimal valvotomy was 
performed in order not to create iatrogenic 
aortic insufficiency. 


SUMMARY 


In 22 patients with aortic valve stenosis, 
the size of the valve ostium has been calcu- 
lated by measuring the base of the radiolu- 
cent jet produced by ejection ot nonopaque 


blood from the left ventricle into the 
opacified aorta during thoracic aortog- 


raphy. In the 

patients for aortic valve surgery, the 
severity of aortic stenosis mav be estimated 
by this angiographic technique. It is con- 
sidered a complementary เก to 
right heart catheterization, pulmonary 
artery angiocardiography, and: if possible, 
transvalvar catheterization of the left 
ventricle for purposes of obtaining a svstol- 
ic pressure gradient across the valve. The 
technique 1s particularly. useful in patients 
with severe stenosis in whom transvalvar 
catheterization of the left ventricle is im- 
possible. 

Severe aortic stenosis is present when the 
area of the ostium is less than 10 per cent of 
the aortic area. In these patients, corrective 
surgery 1s believed to be indicated without 
requiring preoperativelv a transvalvar pres- 


sure gradient to determine the severity of 


the stenosis. Surgically treatable but less 
severe aortic stenosis Is present when the 


aortic area. Further studies are necessary to 


determine the hemodynamic significance of 


an ostium area 16-2 
area. 


$ per cent of the aortic 
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NEW VASCULAR INJECTOR FOR ANGIOGRAPHY 


By THOMAS R. MARSHALL, M.D.,* and H. L. LYONS, B.S. 
LOUISVILLE, KENTUCKY 





F ROM my experience with direct per- DESCRIPTION OF INJECTOR 
cutaneous noncatheter brachial angiog- The power with which to drive the metal 
raphy, it was apparent that Amore satis- cvringe is Gbraimed from à tank of con. 
factory injector was desired.’ [his injector pressed nitrogen (compressed air and 
was designed with particular emphasis be- nitrous oxide may be used). A quick dis- 
ing placed on the ease of performance of connect coupling 1s present on the regula- 
brachial angiography, and at the same tme tor end of the injector gas hose. This opens 
improvement of other methods of angiog- anq closes by sliding the collar awav from 
raphy.* Two of the main requirements were i | 


m E A 0 . the hose. A bleeder valve is present to de- 
simplicity of design and the development ot compress the gas hose after turning off both 
a more uniform back up pressure. 


0 UE i , tank valves and before attempting to dis- 
he injector is lightweight (47 pounds) connect the injector hose from the gas 
regulator. 

It is important to know the difference 
between gauge pressure and hvdraulic pres- 
sure in an injection system. The relation- 
ship may be expressed mathematically as 
follows: 

PiXA1/42=P2 (hydraulic pressure), 


where Pi is the applied gauge pressure, 





Fic. 1. The Marshall automatic vascular injector. 
The automatic timing device, which can be seen 


removed easily from the injector. 


and may be transported easily from one 
hospital to another (Fig. 1); it can be 
placed on the side of the table and both the 
patient and the injector can be moved, 
permitting roentgenography of multiple 
areas from a single brachial artery injection 
or from a transfemoral catheter injection. 
There are very few parts in the injector in 
which mechanical trouble might occur, 
thereby giving the operator more con- 
fidence in its use. By the placement of a 
reducing gear on the filling crank, the 
injector can be employed to perform 
lymphangiography. 





Vic. 2. Close-up view of the automatic timing de- 


* Sigmamotor Co, ไท อ ro North Main Street, Middleport, = 
New York. sures, 


* Associate Professor of Radiology, University of Louisville School of Medicine, Louisv He, Kentucky. 
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Ledin connecting catheter (46 cm.); 3o cc. meglumine iothalamate, 6o per cent. 


fi area of the face of the metal (air piston), 
42 area of the syringe plunger face, and 
41/42 the mechanical advantage of in- 
jector. 

The diameter of the compression cham- 
ber piston is 31 inches, and the diameter 
of the syringe plunger face is 12 inches, 
therefore 


= 4 to 1 (mechanical advantage). 


The desired pressure in the pressure 
cylinder is regulated by a two stage reduc- 
ing valve. The pressure is indicated in 
pounds per square inch on a manometer. 
This injector permits an extremely fast 
delivery time of the contrast medium which 
is essential in obtaining a good bolus in per- 
forming brachial angiography. Nitrogen 
is used as the gas to drive the compression 





cylinder because of the nonexplosive na- 
ture and the fact that a more uniform dis- 
tribution of the pressure in the tank re- 
mains after several injections have been 
made. A size H nitrogen cylinder is usually 
employed and preferred. 

The compression chamber has a diam- 
eter of 31 inches and a stroke of § inches. 
The maximum safe pounds per square inch 
of applied pressure to the cylinder is 250 
p.s.i. air. The chamber is of durable con- 
struction to ensure a long life. 

The stainless steel syringe has a volume 
of 150 cc. and multiple injections of any 
amount may be made without having to 
stop and reload the syringe. Air is removed 
from the top of the svringe and the distal 
portion of the syringe is elevated 15 degrees 
to aid in the removal of the air. The stroke 
is adjusted so that 20 cc. of contrast me- 
dium remains in the syringe to stop anv 
accidental air injection. This is the effec- 
tive dead space. After the injection, the 
syringe can be reloaded with contrast 
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medium through a plastic tubing and 3-way 
stopcock. This typeof reloading has proven 
to be simple and fast. A simple heating 
Jacket is applied around the svringe to 
warm the contrast material to body tem- 
perature or the material may be warmed 
prior to placing it in the syringe. 

A simple electronic controlled timing 
switch is used to correlate the injection of 
the contrast medium with film exposure 
(Fig. 2). This permits a wide range of film 
exposure from before, during and after the 
injection of the contrast medium. This 
automatic timing circuit is so designed that 
it may be added or removed very easily 
from the injector. For a brachial injection 
a gauge pressure between 9 ๐ -10 ๐ p.s.i. is 
used and for a Seldinger renal arteriog- 


Gidlund automatic injector can be seen in 
Figures 3 and 4. The Gidlund automatic 
g QE 4 l : 
pressure injector does not permit multiple 
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injections without stopping to reload the 
svringe. 


SUMMARY OF IMPORTANT FEATURES 
OF DESIGN 

1. The injector has ล pressure control on 
the gas cylinder in p.s.i. (pounds per square 
inch) with a range from o to 200 pounds per 
square inch. This permits hydraulic (in- 
jection) pressures up to 800 p.si. The 
highest (hydraulic) used in angiography at 
the present time is 450 p.s.i. By changing 
the reducing valve, even larger pressures 
may be developed. 

2. The size of the device is small so that 
it may be placed on the table top and 
moved with the patient. The injector has 
à total weight of 47 pounds. 

3. Designed especially for brachial angi- 
ography, it can be used for all types of 
angiocardiography and arteriography. 

4. An automatic timing device correlates 
injection and roentgenography. 


kgs/em 
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Fie. 4. Graphs obtained with the Marshall and the Gidlund injectors: ? 
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5. Distant control of the start of injec- 
tion is possible. 

6. Multiple injections of different 
amounts may be made without reloading 
the syringe. 

7. A mechanical advantage of 4 to 1 is 
obtained. 

8. Very rapid injection times can be had 
and a good back up pressure is obtained. 

9. The design is simple with very few 
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moving parts. This decreases the chance of 


mechanical failure during the injection. 


Thomas R. Marshall, M.D. 


Department of Radiology 


323 East Chestnut Street 


Louisville, Kentucky 40222 
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METHOD OF ROENTGENOGRAPHY 
TO ANGIOCARDIOGRAPH Y 


By OWINGS W. KINCAID, oe 


ne is D. D o M. ou 5 icis ก I 


MENGIS, R.T., 


ROCH ER TE MINNESOTA 


HE achievement of satisfactory re- 

sults in large-flm selective angio- 
cardiographv depends on manv factors. 
These are: (1) the choice of injection site, 
(2) the deliverv of an optimal dose of con- 
trast medium per unit time, (3) a properly 
selected filming sequence, and (4) the care- 
ful control of roentgenographic technique 
bv those well trained in the basic principles 
of roentgenography. 

Of prime importance, not onlv from the 
standpoint of obtaining a rewarding study 
but also from the standpoint of the safety 
of the procedure, is the caretul positioning 
of the catheter tip preparatory to the in- 
jection of contrast medium. It must be 
determined that the catheter tip lies in the 
proper portion of the chamber into which 
the injection is to be made and that the tip 


does not lie in such a position that a jet of 


contrast medium emanating from the cath- 
eter is likely to be trapped beneath a 
trabecular muscle. Some unfortunate “acci- 
— D at nave ก er anglo- 
resulted 
0 bon lack of care in Cae 
the proper and free position of the catheter 
tip immediately prior to injection. 

Although the injection of small amounts 
of contrast medium through the catheter 
and observation of this injection fluoro- 
scopically may provide accurate informa- 
tion in some cases, it is frequently desirable 
to view the catheter in both the frontal 
and lateral proJections. The position of the 
catheter in the frontal projection is readily 
determined by fluoroscopy using the image 
intensifier employed for cardiac catheter- 
ization. Assessment of catheter position in 
the lateral projection is a more difficult 
problem which, in the past, has been solved 
either by the use of a hand fluoroscope or 


bv a conventional spot-film technique em- 
ploying the lateral angiographic roent- 
genographic tube as the source of radiation. 
There are obvious disadvantages to each of 
these techniques. The use of a conventional 
spot-flm technique imposes a waiting 
period of approximately 10 minutes for 
processing of the film, and, if one or more 
attempts at repositioning the catheter are 
made, an additional 1 ๐ minute waiting 
period is necessary for the processing of 
each additional spot flm. The use of a hand 
fluoroscope requires dark adaptation and 
results in a considerable amount of radia- 
tion to the patient and to the fluoroscopist. 

In the search for a more rapid and satis- 
factory method for assessing catheter posi- 
tion in the lateral projection, 2 vears ago 
we decided to investigate the possible use of 
the Polaroid-Land method of roentgenog- 
raphy for this purpose. A Polaroid roent- 
genographic machine, which had been in 
use in the Section of Radiology for several 
vears and which had been employed previ- 
ously with success in the assessment of 
needle position in aortography and certain 
neurosurgical procedures, was utilized for 
this Investigation. 

This paper describes briefly the tech- 
nique of Polaroid roentgenograph v às we 
have emploved it for catheter localization 
in 300 angiocardiographic examinations. 
This useful application of Polaroid roent- 
genography has not been previously re- 
ported. 


METHOD AND TECHNIQUE 


A new one-step, essentially dry photo- 
gi raphic process was first described by Land 
in 1947. The roentgenographic application 
of the method was subsequently developed 
utilizing the technical facilities of the 
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Polaroid Corporation and the roentgeno- 
ogic facilities of the Massachusetts Gen- 
eral Hospital. In more recent vears, this 
method of roentgenography has been fur- 
ther perfected and now finds a number of 
important applications in diagnostic radi- 
ology. 

The advantages of this roentgenographic 
method lie primarily in the rapidity with 
which the film can be processed and viewed 
The new type of Polaroid film requires only 
1 ๐ seconds for processing, and the loading 


of cassettes and processing may be carried 
out เท a fully lighted room. The Polaroid 
developing unit is small and portable and 
may be conveniently plugged into any 110 


volt AC electrical outlet (Fig. 1, a, and c). 





"u 











For lateral chest roentgenography to 


determine catheter position just prior to 
angiocardiography, the following procedure 
is employed. When the diagnostic catheter- 
ization procedure has been completed, the 
angiocardiographic catheter is placed in 








olaroid-Land Method of Roentgenography 








lic. 1. (a) Polaroid processing unit. (4) Inser- 
tion of cassette, containing exposed Polaroid 
flm, into processing unit. Cassette may be 
loaded in fully lighted room. (© After io 
second processing period, Polaroid flm is 


removed from unit and view 








+ 


what 1s believed to be the desired site of 
injection as observed on the image intensi- 
her fluoroscope. The table top is moved 
cephalad and the patient's thorax is posi- 








bic, 2. Patient and equipment in position for bi- 
plane angiocardiography. Loaded Polaroid cas- 


^ 


จ 


sette is placed in front of the lateral aperture of 
the film changer. Film exposure is made utilizing 
horizontally directed roentgenographic tube. 
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tioned over the biplane film changer for 
angiocardiography. The loaded Polaroid 
grid cassette with high-speed screens is 
placed between the patient’s thorax and 
the lateral aperture of the film changer. The 
ateral (horizontally directed) roentgeno- 


graphic tube utilized for angiocardiographv 


--— 


Is moved into place and serves as the source 





Fic. 3. (and &) : 


Re 





(a) and in left v 


incaid, George D 


ntricle ($). Note similar positions of catheter in this projection. In this case, the 
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of radiation (Fig. 2). 

Scout roentgenograms made at the time 
of the patient's arrival in the catheteriza- 
tion-angiocardiography room serve as a 
convenient guide to proper exposure of the 
Polaroid film. When using the Polaroi 
grid cassette with high.speed screen 








p 


we 
nave found that approximately one-fifth to 








Anteroposterior spot roentgenograms showing angiocardiographic catheter in right ventricle 
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Ssures 









within the two ventricles were equal and it was impossible, without viewing the catheter in the lateral 





projection, to know within w 


hich ventricle the catheter tip lay. (c and 4) Lateral Polaroid roentgenograms 


showing catheter tip in right ventricle (c) and in left ventricle (4). In the latter instance, the catheter tip 
had passed from the right ventricle to the left ventricle through a ventricular septal defect. 
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Polaroid-Land Method of Roentgenographv 


Fic. 4. (a) Lateral Polaroid roentgenogram showing poor position of catheter in right ventricle. Catheter tip 
is directed against the anterior wall of the right ventricle and possibly extends beneath a trabecular muscle. 
(^) Catheter in satisfactory position in right ventricle with tip free in the region of the ostium infundibulum 
and directed toward the pulmonary valve. 


one-third of the exposure used for an op- 
timally exposed scout film will result in a 
properly exposed Polaroid film. This ex- 
posure adjustment mav be made by regula- 
tion of the milliampere seconds or kilo- 
voltage, or both. 

Following proper selection of the roent- 
genographic factors, the Polaroid film is 
exposed, developed, and viewed immedi- 


properly positioned within the desired 
cardiac. chamber, the angiocardiographic 
examination is then carried out (Fig. 3, 
a, b, c and d). Should the catheter position 
not be satisfactorv, the catheter is redi- 
rected and another Polaroid film may be 
exposed (Fig. 4, a and 2). 


SUMMARY AND CONCLUSIONS 


Assessment of catheter position prior to 
selective angiocardiography in many in- 
stances may be made accurately only by 
viewing the catheter in both the frontal and 
lateral projections. While the position of 
the catheter tip is easily determined in the 
frontal projection by means of fluoroscopy, 


visualization of the catheter in the lateral 
projection presents a more difficult prob- 
lem. This problem heretofore usually has 
been solved by means of lateral spot roent- 
genograms or by the use of a hand fluoro- 
scope. Both of these methods have serious 
disadvantages. The Polaroid-Land method 
of roentgenography provides a simple, con- 
venient, and rapid method of catheter 
localization in the lateral projection with a 
minimum of radiation to the patient and to 
the physician. This previously undescribed 
application of Polaroid roentgenography 
has produced rewarding results when used 
at the Mayo Clinic in 300 angiocardio- 
graphic examinations. 


Mayo Clinic 
Rochester, Minnesota 
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A NEW ILLUMINATOR FOR COPYING 


ROF) 





GE! 


'OGRAMS* 


By J. T. LITTLETON, M.D., asd H. C. REYNOLDS, B.S. 


SAYRE, PENNSYLVANIA 


HE wide variations in translucency of 

roentgenograms make them difficult to 
copy by any photographic method without 
some equalization of contrast. This mav 
be accomplished by providing additional 
light in dark spots or diminishing light in 
the more translucent areas. The latter may 


Fic. 1. Tluminater with “XRAY” spelled out on 
viewing panel (A) to illustrate the small zone of 
illumination from each bulb; (B) resistor panel; 
(C) 35 mm. camera on adjustable stand; and (D) 


blower. 


be accomplished by holding a paper cut to 
shape over the translucent areas of the film 
or by making an unsharp copy of the roent- 
genogram and using this as a filter. Both 
of these techniques consume significant 
amounts of time and photographic material 
and may cause false relief where significant 
contrast is present. 





Lindblom! developed an apparatus for 
equalization of translucency by increasing 
a viewbox containing 704 flashlight bulbs in 
an area 35X45 cem. The bulbs Iving under 
dark spots on the roentgenogram were il- 
luminated and raised or lowered so as to 
give an equal distribution of light over the 
film. 

To circumvent some of the problems in- 
herent in this tvpe of contrast development, 
the authors have constructed another de- 
vice which has a wide flexibility in the de- 
velopment of contrast between areas of 
varving translucency. When used with pre- 
cise monitoring of light levels between com- 
parative areas, very satisfactory reproduc- 
tions can be obtained. The illuminator 





hic. 2. Opal viewing panel removed to show 
bulbs (a) and resistor knobs (b). 


* From the Department of Radiology of the Guthrie Clinic Ltd. and Robert Packer Hospital, Sayre, Pennsylvania, 
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(Fig. 1) has an illuminated surface 12 by 20 
inches with a light source everv square inch 
for a total of 240 light sources which de- 
velop a total illumination of 1,200 watts. 
The intensity of each bulb is varied from o 
to § watts by a variable 20 ohm resistor. The 
panel is energized from a 12 volt trans- 
former, and further control of light inten- 
sity can be effected by putting a variable 
resistance in the line to the transformer. An 
old portable roentgen ray control unit per- 
forms this function very well. The 20 ohm 
resistors and the large bank of 5 watt 
bulbs develop a significant amount of heat 
which is dissipated by a 140 cubic foot 
blower beneath the panel of resistors with 
an exit past the bulb panel (Fig. 2). This 


entire unit was constructed in a home work- 
shop at an approximate materials cost of 


85 ๐ ๐ . The parts used in this particular unit 
are as follows: 


Sockets: 

21-16 44th Road 

Long Island 1, N. Y. 
Control: Centralab 

Milwaukee 1, Wisconsin 
Lamps: General Electric Co. 


Transformer: General Electric Co. 


Blower: 
Chicago, Illinois 


Light Meter: 


450 East Ohio Street 
Chicago 11, Illinois 


The actual copying of the roentgeno- 
grams can be done with significant ease and 
consistent reproducibility. The roentgeno- 
gram to be copied is placed on the viewing 
surface and suitably masked. Light contrast 
is developed by raising and lowering il- 
lumination by means of the panel of re- 
sistors. The light levels of comparable areas 
can be precisely adjusted and monitored 


Illuminator for Copying Roentgenograms 


Leecraft Manufacturing Company, Inc. 


Dayton Electric Manufacturing Co. 


Science and Mechanics 
Kit and Product Division 
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over a very small area with a sensitive 
light meter which is provided with a photo- 
cell having an o.5 inch aperture. For rapid 
copy, 1 polaroid camera provides a very 
aali reproduction in either a trans- 
parency for projection or a simple paper 
positive. For projection to large audiences, 
very satisfactory slides have been made 
with 35 mm. direct positive film. If avail- 
able, a second 35 mm. camera containing 
negative film can be used at the same time 
to provide negatives forsubsequent printing 
to either transparency or paper positives. 

The authors have found that this copy- 
ing svstem provides significant flexibility 
not only in the development of contrast, 
which can be provided by other systems 
including a logEtronic system,” but in addi- 


e 


Part No. 11-207-24 
with 24" leads 


WN-200-20 Ohms 
Linear Taper 


Type No, 89 


Model gT s6Y2884 
KVA Lg 
Voltage 120-12 


Model 2060 
Capacity—-140 cu. ft. 


Model 250P 


tion it permits the development of photo- 
graphic emphasis to a specific area. which 
cannot be accomplished by other tech- 
niques. Figure 3, 4, B and C shows the 
effect of contrast Euh ancement which can 
be developed with selective illumination. 
We have found that it has been relatively 


J. T. Littleton and H. C. Reynolds 


JENE, 1964 





En 5 
nator. (B) Same roentgenogram with balanced illumination. (C) Hlumination adjusted to emphasize lesion 
in the left upper lobe, 


simple to instruct technicians in the use of 
this apparatus. 


SUMMARY 


A new illuminator for copying roent- 
genograms 1s described. Selective illumina- 
tion permits the development of significant 
contrast in reproductions, circumvents the 
shortcomings of photographic techniques to 
accomplish this end and permits one to 
emphasize the area of primary interest by 
selective illumination. The entire device 


GT) Overpenetrated roentgenogram copied with flat illumination from Picker high intensity Humi- 


can be constructed in a home workshop at 


a parts cost of approximately $200. 


T. T. Littleton, M.D. 
Department of Radiology 
Guthrie Clinic, Ltd. 
Sayre, Pennsylvania 


REFERENCES 


1. LixDBLOM, K. Apparatus for copying of roent- 
genograms. Aeta radtol., 1951, 36, 63-65. 

2. St. Jous, E. G., and Craic, D. R. LogEtronog- 
raphy. Am. J. RogNTGENOL., Rap. THERAPY & 
NUCLEAR MED., 1957, 78, 1247131. 


is f 





Vot. 91, No. 6 


DOUBLE BLIND CLINICAL COMPARISON 





CONRAY WITH RENOGRAFIN AND 
HYPAQUE IN PERIPHERAL 
ANGIOGRAPHY* 


By MARVIN J. FRIEDENBERG, M.D. 


ONRAY 60 per cent* is a new 1odine- 


containing contrast agent recently 
introduced for angiography and intra- 


venous urographv. During the first months 
of its clinical use numerous papers have 
indicated that it is a sate and effective con- 
trast material for excretory urograph v5? 
cerebral angiography,'4:8 7:89 tL22) aortog. 
raphy,®!? and peripheral angiography. 5? 
All of these reports, however, have simply 


evaluated the use of conray in a series of 


patients and have not compared it clin- 
ically with other contrast agents currently 
utilized for similar purposes. Thus, the 
tolerance of patients to conray relative to 
other angiographic contrast materials is 
somewhat uncertain. The purpose of this 
paper is to report the findings in a double 
blind clinical comparison of conray with 
two widely used intravascular contrast 
agents, renografinf and hypaque,} in pa- 
tients h; aving intra-arterial and intravenous 
peripheral angiography, respectively. 


PROPERTIES OF CONRAY 


Conray (meglumine iothalamate) 60 per 
cent is a sterile aqueous solution containing 
6 ๐ per cent w/v of the N-methylglucamine 

salt of § acetamido-2,4,6-triiodo-N-methy 2 
isophthalamic acid (Fig. 1). Each milliliter 
contains 0.6 gm. of meglumine iothalamate 
to which are added stabilizing and buffering 
agents. The free acid contains 62 per cent 
iodine, and the 6o per cent solution pro- 
vides 28.2 per cent iodine (282 mg./ml.) 


* Mallinckrodt Pharmaceuticals, 
Works, St. Louis 7, Missouri, 

f E, R. Squibb, and Sans, 
New York. 

t Winthrop Laboratories, 14:0 Broadway, New York 


York, 


Mallinckrodt Chemical 


745 Fifth Avenue, New York 23, 


18, New 


LOUIS, MISSOURI 





Fic. 1. Chemical formula of conray (iothalamate). 


Molecular weight 614. 


The iodine content and viscosity of conrav 
are shown in Table 1 and compared with 
those of renografin (methvlglucamine dia- 


trizoate) and hvpaque (sodium diatri- 
zoate).? 


MATERIAL AND METHODS 


A total of 460 consecutive adult patients 
included in the study had 4 ๐ 2 examinations 
and 755 injections of contrast material, 499 
intra-arterial and 256 intravenous. Conray 
was compared with ห อ ท ๐ 6 ๕ 1 rafin เท 3 intra- 
arterial and with hypaque in 3 intravenous 
End al angiographic procedures (Table 

n). Two hundred and seventy-six patients 
were men and 184 were women. Table im 
shows the ages of the patients in decades 
according to the tvpe of examination per- 
formed. 

^o attempt was made to evaluate the 
tolerance of the intracranial central ner- 
vous system to the direct intravascular 
injection of the contrast agents being 
tested. Therefore, excluded trom the study 
were those procedures which require injec- 
tions in the brachial arterv, thoracic aorta, 


* From the Edward Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri, 
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TABLE I 


COMPARISON OF IODINE CONTENT AND VISCOSITY OF CONRAY, RENOGRAFIN AND HYPAQUE 





Conc. Iodine Content TERT 

w/v gm./100 ml. 25? C. 37.5? C. 
Conray (meglumine iothalamate) 6 ๐ 
Renografin (methylglucamine diatrizoate) 6 ๐ 
Hypaque (sodium diatrizoate) 50 


or heart, and, thereby, expose the intra- 
cranial contents to high concentrations or 
volumes of contrast material. Also excluded 
from the study were all children, some of 
whom had examinations under general 
anesthesia. The only patients who might 
have qualified for conray but who did not 
receive it were those referred by one sur- 
geon for aortography to evaluate the renal 
arteries and kidneys. He preferred not to 
have an "experimental" contrast agent 





used in his patients. This explains the rela- 
tively larger number of patients in whom 
renografin was used for retrograde ab- 
dominal aortography. | 

All adult patients referred for any one of 
the six different peripheral angiographic 
procedures included in the study were 
assigned a contrast material according to 
their roentgenologic examination numbers. 
Thus, conray was used in all patients with 
odd numbers and either renografin or 


Taste II 


EXAMINATIONS PERFORMED AND INTECTIONS MADE IN 460 PATIENTS HAVING PERIPHERAL ANGIOGRAPHY 





Renografin Conray Hypaque Total 
Exami- | Injec- | Exami- | Injec- | Exami- | Injec- | Exami- Injec- 
nations | tions | nations | tions | nations | tions nations tions 
Intra-arterial 
1. Femoral 
arteriography 46 57 5g — — 116 
2. Aorto-ilio-femoral 
arteriography 85 125 122 — — 247 
3. Retrograde cathe- 72 92 44 -- -- 136 
ter abdominal — 
aortography 499 
Intravenous 
4. Bilateral pelvic 
phlebography with 
inferior vena 
cavagraphy — — 102 57 117 219 
5. Lower extremity 
phlebography — — 12 It 17 29 
6. Upper extremity — — 2 6 8 
and/or superior  . RE 
vena cavagraphy 256 
203 274 341 73 140 755 











_* The total number of examinations performed exceeds the number of patients studied because some patients had more than 


one examination. 





numbers, depending upon whether they 
were to have an intra-arterial or an intra- 
venous tvpe of examination. The tvpe of 
contrast material used was unknown to the 
radiologist and the patients during the 
examinations, and the patients were not 
aware that their reactions were being as- 
sessed in ล comparative tvpe of study. Dur- 
ing the procedure observations were made 
of any serious reactions or complications, 
such as local extravasation of contrast ma- 
terial, dyspnea, hypotension, etc. The 
patient was then asked to indicate thor- 
oughly what effect the injection had upon 
him. Every effort was made to avoid lead- 
ing questions regarding the side effects 
listed in Tables 1v and v. 


TECHNIQUES OF EXAMINATION 

Most patients were premedicated with 
so mg. each of diphenhydramine hydro- 
chloride* and meperidine hydrochloride.1 
All arteriographic examinations and bilat- 
eral pelvic and inferior vena cavagraphy 
were done under 1 per cent lidocaine hydro- 
chloridet local anesthesia. 

Femoral arteriography was performed via 

* Benadryl hydrochloride, Parke-Davis & Company, Detroit 

Michigan. 

t t Den nerol hydrochloride, Winthrop Laboratories, 14:0 Broad- 

wi, New York 18, New York. 


i 1 อ อ hydrochloride; Astra Pharmaceutical Products 
Inc., Neponset Street, Worcester 6, Massachusetts. 
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Tasre III 
NUMBER OF PATIENTS ACCORDING TO AGE IN DECADES AND TYPE OF EXAMINATION PERFORMED 
* 111 1 ไ ็ ฝ 0 - GENE NE RES : 
10-19 | 20-29 | 30-39 | 40-49 | SO-8g | ur | 70-79 | 8o- “8g | โอ เล | 
i IR PERPE ก - 0 ง - เจ็ 1 ! จ ฉ 2 ๐ ศศ MONS x 
Fono arteriography deri 2-1 |o HR | 320 | 28 | 24 6 | 94 
Aorto-ilio-femoral . | | | | | | 
arteriography o | 1 | 5 0 9.1 6. dE Y 8 ง 898 
Retrograde catheter 2 | ๊ | | | 
abdominal aortography 7 8 2 25 | 23 kde Wo d Y 8 ๐ | 105 
Pelvic phlebography with | | | i | | 
inferior vena cavagraphy | o. ง We SO. 29 ว ว ย ก. 1 | 106 
Lower extremity i | | | | | 
phlebography ! NE 2 | ; 4 P. O 50 qu 
Upper extremity and/or i | i 
superior vena cavagraphy ว G 1 ณั j | EE o | | 
RR I I a SS ic ec te OF ec | 1 ] ล: oe 
Total 10 3x 0 8 30 cm 5.325 119 | 66 13 | §02 
hypaque was used in all patients with even percutaneous puncture of a common 


femoral artery with a 204 (or occasionally 
a 160) aco noe: One or 2 — 
of 35-5 
ก were 0 s Bon dhe 
size of the patient and the pathology under 
investigation, Most examinations required 
only a single injection of 35 ml. of 60 per 
cent contrast material. 

torto-ilt o-fem oral arteriogra phy was ac- 

complished via 1 or 2 manual injections of 
45-55 ml. of 60 per cent conray or reno- 
grafin through a unilateral common femoral 
artery 206 Seldinger needle, with the pa- 
tient performing the Valsalva maneuver. 
Occasionally, aorto-ilio-femoral arteriog- 
raphy was ether preceded or followed by 
femoral arteriography, in which case the 
maximum total amount of contrast mate- 
rial injected through the same femoral 
artery needle was 135 ml. of 60 per cent 
solution, in 3 separate injections. Ten pa- 
tients (5 conrav, § renografin) had retro- 
grade abdominal aortographies via a me- 
chanical injection of £o ml. of 6 ๐ per cent 
contrast material directly through a uni- 
lateral common femoral artery needle, us- 
ing a Gidlund pressure injector. 

KRetrogi ade abdominal aortography was 
performed via a red or yellow Odman-Ledin 
catheter in the abdominal aorta introduced 
percutaneously through a common femoral 
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Tage IV 


COMPARISON OF CONRAY AND RENOGRAFIN 
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artery, using ine Seldinger “0 One 
or 2 f 
cent conray or MC were made. 
Bilateral pelvic phlebography with inferior 
vena cavdgraphy was performed via small 
polyethylene tubings introduced percutan- 
eouslv into the common femoral veins bi- 
laterally, using the Seldinger technique. 
Usuallv the total amount of contrast mate- 
rial injected was divided into 4 equal ali- 


quots, and for each examination 2 bilateral 
simultaneous injections were made with 
roentgenography of the pelvis following 

injection and the interior vena cava follow- 
ing the other. Occasionally, a third injec- 
tion was required to SU the pathologv 
which was present more completely. "o al 
dosage of conrav was 9go-180 ml. of 3 
per cent contrast material, the ud dos 
being 100 ml. of 54 per cent or 120 ml. o 
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COMPARISON OF CONRAY 


AND HYPAQUE INTRAVENOUS INJECTIONS 
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45 per cent. Total dosage of hypaque was 


80-180 ml. of 35~s0 per cent contrast ma- 
terial, the usual dose being 100 or 120 ml. 


Of 37.5 per cent. 

Lower extremity phlebography was ac- 
complished by unilateral or bilateral injec- 
tion of contrast material through a small 
percutaneous needle in a superficial vein 
over the dorsum of the foot with an ankle 
tourniquet in place and the patient in a 60 
degree semi-erect position. When both 
lower extremities were studied by bilateral 
simultaneous injections, the procedure was 
tabulated as 2 separate injections and ex- 
aminations. One or occasionally 2 injections 
of 30-50 ml. of 60 per cent อ อ ท ห ล ง or so 
per cent hypaque were made. 

Upper extremity phlebography | and/or 
superior vena cavagraphy was performed by 
unilateral or bilateral simultaneous injec- 
tion of contrast material through 15-20 
gauge antecubital vein needles. Dosage of 
conray 60 per cent was 40 ml. for a uni- 
lateral injection and 6 ๐ ml. in equally di- 
vided aliquots for bilateral simultaneous 
injections. Dosage of hvpaque was 35~s0 
ml. of 35-40 per cent solution for unilateral 
injections and go ml. of so per cent solution 
in equally divided aliquots for bilateral 
simultaneous injections. 


with conray are shown in Figures 2 through 
5. 


RESULTS 


In evaluating the tolerance of patients to 
the peripheral angiographic procedures per- 
formed, responses of the patients were 
divided into 3 categories, 7.e., side effects, 
drug reactions, and technical complications. 

Side effects were arbitrarily defined as 
those self-limited and relatively benign re- 
sponses of short duration which may follow 
the intravascular injection of an iodinated 
contrast material (Tables 1v and v). Com- 
paring intra-arterial conray with renografin 
and intravenous conray with hypaque, 
there were no significant differences be- 
tween the frequencies of side effects (Tables 
IV and v). 
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mart 


^. 


Drug reactions were defined as the aller- 
gic, idiosyneratic or hypersensitivity re- 
sponses of the patient which are potentially 
fatal and often require immediate therapv 
to prevent serious disability and even 
death. Thev include urticaria, hvpotension 
which may lead to shock, and dyspnea 
which may result from laryngospasm, bron- 
chospasm, or larvngeal edema. Urticaria 
developed in 2 patients following the injec- 
tion of conrav, in 2 patients following 
hvpaque, and in 1 patient following reno- 
grafin. None of the 755 injections, using 
anv one of the three contrast agents being 
evaluated, was followed bv anv more severe 
drug reaction. 

One patient developed erythema and 
warmth in a lower extremity 12-24 hours 
after the injection of 100 ml. of 6 ๐ per cent 
conray for phlebography. This disappeared 
spontaneously within 24 hours and was felt 
possibly to represent a chemical phlebitis. 
No other patient in this study had clinical 
evidence of arteritis or phlebitis following 
injection of contrast material. 

Technical complications were defined as 
the mishaps which result from needle 
puncture or catheter placement, forceful 
injection of a bolus of alien material, intra- 
vascular manipulation of a foreign object, 
etc. These complications usually occur re- 
gardless of the type of contrast agent used. 
However, because some are associated with 
the extravascular injection of contrast ma- 
terial, all technical complications were 
tabulated in this study. 

In a total of 502 examinations there were 
8 technical complications, none of which 
was serious. They are listed in Table vi 
under the tvpe of examination performed 
and with the contrast material indicated in 
parenthesis. Three patients developed 
hypotension during femoral artery punc- 
ture and betore injection of contrast mate- 
rial. All rapidly responded to the intra- 
venous injection of o.5 ml. of methoxamine 
hydrochloride,* and the examinations were 


* Vasoxyl, Burroughs Wellcome a Company, Inc., 1 Scarsdale 
Road, Tuckahoe 7, New York. 
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Fic. 3. (A and B) Retrograde catheter abdominal aortogram of a 45 year old woman by injection of 45 ml. 
of 6o per cent conray through a yellow Odman-Ledin catheter introduced percutaneously from the right 
common femoral artery. There is a benign cortical cvst in the right kidnev, displacing smaller intrarenal 
arteries and producing a characteristic radiolucent filling defect. 


successtully completed. In 3 other patients 
extravasation of contrast material occurred 
at the site of femoral artery or vein punc- 
ture. Although 2 of these patients (1 con- 
ray, 1 hvpaque) tolerated the incident 
quite well, 1 patient (conray) became hypo- 
tensive. He responded quickly to o.§ ml. of 
intravenous methoxamine hydrochloride. 
The examinations were successfully com- 
pleted in all 3 patients after the needles 
were repositioned. One patient receiving 
conrav during retrograde catheter ab- 
dominal aortographv developed on the 
side of the femoral artery puncture an 
absent posterior tibial pulse and a cvanotic 
great toe which reverted to normal within 
24 hours on anticoagulant therapy. This 
was probablv due to the loosening of an 
atherosclerotic plaque or thrombus with 
embolization to the lower extremity. Two 
patients developed shaking chills and 
headache, 1 following catheter aortography 


rior vena cavagraphy. These proved to be 
sterile pyrogenic reactions traced to 2 
bottles of contaminated saline. Several 
patients developed clinically insignificant 
hematomas at the site of arterial puncture, 
quickly controlled by further manual com- 
pression. 


DISCUSSION 


The physical properties of conray 60 per 
cent compare satisfactorily with other 
intravascular contrast agents used for the 
same purposes. It is a clear, colorless liquid 
with a high iodine content and radiodensity. 
Conray is highly soluble at room tempera- 
tures, making it unnecessary to warm it 
prior to injection. Its low viscosity provides 
the advantages of ease and speed of injec- 
tion and permits the rapid delivery of large 
volumes for angiography. 

Further advantages of conrav 60 per cent 
are its low protein-binding characteristics 
and the fact that upon incubation with 
blood it does not cause red blood cell 
crenation seen with acetrizoate or rouleaux 
formation seen with N-methylglucamine 
diatrizoate.' Finally, animal experiments in 
the laboratory indicate that the toxicity of 
conrav is extremely low.?? 

For peripheral angiography there is es- 
sentially no difference in patient tolerance 
to conrav, renografin, and hypaque in the 
concentrations and volumes used in this 
study. Conray is as free from significant 


as similar doses of intra-arterial renografin 
or intravenous hypaque. Furthermore, 
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, B and C) Bilateral pelvic 
phlebograms and inferior vena cavagram 
of a $2 year old woman with evstadeno- 
carcinoma of the right ovary metastatic 
to pelvic and inguinal Ivy mph nodes. Two 


bilateral simultaneous injections were 
made through percutaneously insertec 
common femoral vein polyethviene tub. 
ings, using a total of 120 ml. of 46 per 
cent conrav in equally divided aliquots. 
There is extensive right pelvic tumor, 
producing marked narrowing of the ex- 
ternal iliac vein. Right lower extremity 
phlebography | 


- 
































ligure g) was normal. 
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Fic. $ (4, B and C) Normal right lower extremity phlebograms in the same patient shown in Figure 4, per- 
formed by injecting 45 ml. of Go per cent conray in a superficial vein over the dorsum of the foot, 
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there were no severe reactions เท 341 injec- A greater percentage of patients com- 
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tions of conray which could be attributed plained of generalized warmth following 


to the drug. intravenous than intra-arterial infections. 
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No techmcal complications were encounterec 


in performing lower or upper extremity phlebography or superior vena cavagraphy. 
Phe type of contrast material 


lis indicated in parenthesis, 
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On the other hand, a far greater percentage 
of patients complained of pain following 
intra-arterial than intravenous injections. 
The degree of pain is a subjective response 
related to the patient’s pain threshold and 
the nature and amount of premedication 
given and, therefore, is difficult to evaluate 
in individuals. It often appears to be 
directly proportional to the speed and con- 
centration of contrast material reaching 
smaller peripheral arteries and inversely 
proportional to the extent of development 
of collateral circulation. There was no 
appreciable ditference among the 3 contrast 
agents tested in the amount of pain induced 
by the injection. No matter how severe 
nausea and vomiting was following an 
injection of contrast material, patients did 
not become nauseated or vomit following 
subsequent injections during the same ex- 
amination. 

No attempt was made to relate roent- 
genographic quality of the examination to 
the type of contrast material used. It is 
impossible to make this judgment, because 
it depends upon a great variety of factors 
unrelated to the contrast agent, such as 
centimeter thickness of the part roentgeno- 
graphed, technical factors (kilovoltage, mil- 
lamperage, time), type of generator, 
screens, film speed, focal-flm distance, pa- 
tient cooperation, etc. 


SUMMARY 


A double blind clinical comparison has 
been made of conray 60 per cent with 
renografin 60 per cent in peripheral arteri- 
ography and with hypaque ṣo per cent in 
peripheral phlebography. A total of 502 
examinations and 755 injections were per- 
formed in 460 patients. The physical 
properties of conray compare satistactorily 
with renografin and hvpaque, and essen- 
tially no difference in patient tolerance to 
these contrast agents was found in the 
clinical studies. It is concluded that conray 
is a safe, effective intravascular contrast 
agent, well-tolerated by patients and suit- 


Marvin J. Friedenberg 


Jeune, 1964 


able, even in large volumes, for peripheral 
angiography. 


The Edward Mallinckrodt 

Institute of Radiology 
sto South Kingshighway 
St. Louis ro, Missouri 


The invaluable assistance of Esther Rowell, 

R. N., is gratefully acknowledged. 
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THE FORTY-SIXTH ANNUAL MEETING OF 
THE AMERICAN RADIUM SOCIETY 


HE American Radium Society held its 
Forty-sixth Annual Meeting in White 
Sulphur Springs at The Greenbrier in the 
beautiful setting of the West Virginia up- 
land Allegheny valley. The luxurious ac- 
commodations ไท a superbly managed hotel 


of incomparable decor offered every kind of 


sport, a cuisine by expert culinarians and a 

variety of entertainment. Attendance by 
members and guests Was again at a high 
level with a total RIEN of 4025 repre- 
and 146 ladies. 

The meeting was officially 
Monday morning, April 13 in the hotel 
theatre. Dr. Charles L. Goodhand, Presi- 
dent of the West Virginia State Medical 
Association, welcomed the Society to White 
Sulphur Springs and stated that the Society 
represented an organization which coordi- 
nated research and teaching with the best 
in the practice of medicine. Dr. Charles G. 
Stetson of New York delivered the Presi- 
dential Address, his title being "Cancer 
Management and Radiotherapy Centers." 
He pointed out that approximately 40 per 
cent of new cancer patients are treated in 


opened on 


hospitals of less than 160 beds. Many of 


these patients with certain tvpes of cancer 
receive excellent care, but for others there 
is a lack of availability of highly skilled 
cancer surgeons, pathologists, radiother- 
apists and megavo i tage radiation equip- 
ment. Many more cancer centers need to 
be established on a voluntary basis in our 
urban centers. There is also a need for an 
open-staff policy for qualified professional 
personnel at hospitals which have devel. 
oped specialized facilities. Dr. Stetson 


quoted several of the recommendations of 


the British Ministry of Health on the Or- 
ganization of Radiotherapy Services for the 


Treatment of Cancer: (1) Radiotherapy 
should be under the control of radiothera- 
pists engaged solely in that work; (2) the 
center should be a department of a large 
hospital; (3) megavoltage therapy is essen- 
tial for the treatment of cancer; (4) regional 
centers should be linked with a university 
in the area; (5) associated treatment cen- 
ters should be established; (6) peripheral 
clinics are required for preliminary diag- 
nosis, consultation on treatment and follow- 
up examination; and (7) radiotherapy beds 
should be provided in adequate numbers. 
He mentioned the Radiation Center of 
Fort Worth, Texas, as one of the finest 
examples of a cooperative municipal etfort. 
The small community hospital may asso- 
ciate itself with an urban cancer facility 
and serve às a cancer detection center. Àn 
example of this effort is the Green Point 
City Hospital of Brooklyn, which is oper- 
ated by the Mount Sinai Hospital in N 





New 
York City, 15 miles away. Patients requir- 
ing radiotherapv are referred to the Radio- 
therapy Center at Mount Sinai Hospital. 
Dr. Stetson decried the short, one-year 
training period in cancer management ac- 
cepted by specialty boards for certification 
in otolaryngology, obstetrics and gynecol- 
ogy, and radiology. 

The first scientific session under the 
chairmanship of Dr. Juan A. del Regato 
consisted of presentations on the compar- 
ative place of irradiation and surgery in 
the treatment of bronchogenic carcinoma, 
radiographic and pathologic correlation as a 
guide to operability in post-irradiated lung 
cancer patients, results of radiotherapy in 
patients with inoperable carcinoma of the 
lung whose status was established at ex- 
ploratory thoracotomy, and radiation in- 
jury of the lung. 
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'The second part of the Monday morning 
session included a variety of subjects. The 
first 3 papers dealt with the potentialities 
for fast neutron beam radiotherapy, ล com- 
pact radium safe employing gas steriliza- 
tion and mammography as an aid in de- 
tection of cancer of the breast. 

Dr. John S. Laughlin served as chairman 
of asymposium on Cancer Detection by Ra- 
dioisotope Scanning. Dr. John P. Storaasli 
of Cleveland, presented a new approach on 
the detection of neoplastic lesions in or- 
gans and evaluation of an improved scinti- 
scanner. Dr. Edward B. Schlesinger of New 
York Neurological Institute presented 1so- 
tope techniques in the diagnosis of brain 
tumors and Dr. Ernest Greenberg of the 

เอ พ York Memorial Hospital spoke on 





New 
scanning techniques in the detection of 
bone lesions using Ca‘? and Sr*. Dr. Mer- 
rill A. Bender of Roswell Park Memorial 
Institute, Buffalo, New York, spoke on 
tumor detection and the visualization of 
dynamic processes with the autofluoro- 
scope, an ingenious piece of apparatus 
containing 300 detector crystals. 

Dr. John L. Pool was chairman of the 
second scientific session during the first half 
of the Tuesday morning program. Dr. 
Gordon McNeer of New York, presented a 
comprehensive discussion on the life history 
of malignant melanoma from experience 








Hospital for Cancer and Allied Diseases. 
Dr. Magnus I. Smedal spoke on rectosig- 
moid carcinoma treated by 2 mev. roentgen 
ravs and demonstrated a bowel protecting 
technique. Dr. Giulio J. D’Angio em- 
phasized the importance of emergency 
treatment for the superior mediastinal 
syndrome in children ‘with cancer. Dr. 
Martin Van Herik of The Mayo Clinic re- 
ported on fever as a complication of radia- 
tion therapy for carcinoma of cervix. Dr. 
Felix Rutledge of Houston, spoke on the 
selected use of radiation in pelvic lymphad- 
enectomv in the treatment of carcinoma of 
cervix. 

In the latter half of the Tuesday morn- 
ing session, Dr. Harald H. Rossi gave an 
interesting discussion on the biophysical 
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considerations for the existence of a thresh- 
old for radiation effects. He stated that the 
conclusions reached should be of signifi- 
cance in radiation protection, radiobiology 
and radiotherapv. 

A symposium on the palliation of ad- 
vanced cancer was held under the chair- 
manship of Dr. Arthur I. Holleb. Dr. 
Joseph F. Farrow spoke on general sur- 
gical methods, Dr. Vernon H. Mark on 
neurosurgical methods, including stereo- 
tactic thalamotomy for the relief of pain, 
Dr. Rita G. Jacobs on anesthesia tech- 
niques, Dr. Raymond W. Houde on con- 
trol of pain by analgesics, Dr. Juan A. 
del Regato on radiotherapy methods, Dr. 
Michael J. Brennan on hormonal and non- 
hormonal chemotherapy and Dr. Oscar L. 
Morphis on the use of hypnosis. This sym- 
posium covered a large area in the treat- 
ment of cancer and considerable discussion 
was elicited from the audience. 

The highlight of the meeting was the 
presentation of the Annual Janeway Lec- 
ture. Dr. Edith H. Quimby introduced Dr. 
Harold W. Dargeon as an experienced 
Pediatric Oncologist with a background of 
40 years in the field of Pediatrics. He has 
been Director of the Pediatric Service at 
Memorial Hospital for many years and 1s 
Emeritus Clinical Professor of Pediatrics 
at Cornell Medical School. Dr. Dargeon 
spoke on the treatment of reticuloendo- 
theliosis and reviewed 62 cases which in- 
cluded patients with solitary eosinophilic 
granuloma, disseminated Hand-Schuller- 
Christian syndrome and malignant Let- 
terer-Siwe's disease. The course of the dis- 
ease and treatment were outlined in a gen- 
eral way. The latter included biopsy, 
chemotherapy, radiation therapy and sur- 
gerv for complications. 

In the evening, a reception for members 
and guests of the Society was held in the 
beautiful ballroom of the hotel and spon- 
sored by the Radium Chemical Company 
of New York. 

The third scientific session อ ท Wednes- 
dav morning was under the chairmanship 
of Dr. Justin J. Stein. The early part of 
this meeting included subjects related to 
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the management of cancer of the head and 
neck and of the esophagus. Dr. Rodnev R. 
Million presented a paper on malignant 
epithelial tumors of the nasopharynx and 
was followed by Dr. Charles L. Martin on 
the treatment of epithelioma of the oro- 
pharynx. Other subjects discussed included 
combined interstitial and external therapy 
in the treatment of head and neck tumors, 
management of residual or recurrent cancer 
following radiation therapy for squamous 
cell carcinoma of the oropharynx and pre- 
operative irradiation for cancer of the 
esophagus. 

Following considerable discussion on the 
papers pres sented in the early morning ses- 
sion, the main guest spe: iker from abroad, 
Dr. Frank Ellis, radiotherapist from 
Churchill Hospital of Oxford, England, 
spoke on rational collaboration between 
surgeon and radiotherapist. Dr. Ellis pointed 
out the importance of 

radiotherapy and the various disciplines of 
medicine, especially related to the rationale 
of combining irradiation and surgery in 
the treatment of cancer. He showed many 
instances of the value of preoperative and 
postoperative radiation therapy. He em- 
phasized the technique of postoperative 

therapy with radium needles, principally 
bv the after-loading technique using polv- 
thene tubes. Many neoplasms which could 
not be cured bv either method alone showed 
surprisingly : good results by the combina- 
tion of surgical treatment and radiotherapy. 

The latter part of the Wednesday morn- 
ihg session was occupied by a workshop on 
statistics under the chairmanship of Dr. 
Antolin Raventos of the Hospital of the 
University of Pennsylvania. Dr. Howard 
B. Latourette of Iowa Citv spoke on the 
value and use of tumor registry data, Dr. 
Sidney J. Cutler answered the question on 
the presentation of the end results of can- 
cer therapy, Dr. Marvin A. Schneiderman 
explained the pitfalls of using retrospective 
data in comparison treatments and Dr. 
James J. Nickson discussed the place of 
clinical trial in the future of radiotherapy. 
This symposium was followed by a ques- 
tion period and considerable discussion. 
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In the early evening, a reception was held 
in the ballroom which was later followed 
by The Annual Banquet held in the beauti- 
ful recently built Chesapeake Room. Dr. 
Charles G. Stetson introduced the members 
and wives at the speaker’s table and with 
appropriate ceremony presented the Jane- 
wav Medal to Dr. Harold W. Dargeon for 
his outstanding achievements in the field of 
Pediatric Oncology. Members and guests 
were entertained by a talented dancing 
team and also pa rticipated in the dancing 
during the evening. 

The final and fourth scientific session 
' He of D 0 


oe of metastatic testis cancer the 
treatment of inoperable liver cancer by 
the intra-arterial infusion of chemothera- 
peutic and radioisotopic agents, clinical 
therapeutic (radioactive) Iymphangiog- 
raphv, current status of regional oxygena- 
tion and radiation and treatment of car- 
cinoma of the bladder bv supervoltage lin- 
ear accelerator radiotherapy. 

The second half of the last scientific ses- 
sion included presentations on iridium 192 
as a radium substitute, evaluation of toler- 
ance and effectiveness of the cobalt 6o 
moving us experience with high energy 
(35 mev.) electron beam therapy, diag- 
nosis and treatment of malignant synovi- 
oma, radiation hepatitis, experience with 
883 patients with malignant lymphoma 
and the effect of radiation therapy on the 
survival time of women with recurrent 
mammary carcinoma. 

The Forty-sixth Annual Meeting of the 
American Radium Society again proved to 
be successful bv its large attendance, by 
the high quality of its scientific program 
and by the attraction of gracious living in 
White Sulphur Springs. The members and 
guests of the Society owe a debt of grati- 

tude to its President, Dr. Charles G. Stet- 
son, to Dr. Henri LeClair and the members 
of his Arrangements Committee and to 
the management of The Greenbrier for its 
efforts in prividing many conveniences and 
recreational facilities. 

Harry Hauser, M D 
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NEWS ITEMS 


AMERICAN RADIUM SOCIETY 
ELECTS NEW OFFICERS 


the American Radium oce held at the 
Greenbrier Hotel, White Sulphur Springs, 
West Virginia, April 13-16, 1964, the fol- 
lowing officers were elected: President: 
Joseph H. Farrow, New York, N. Y; 
President-Elect: Justin J. Stein, Los Ange- 
les, Calif.; zst Vice-President: Robert C. 
Hickey, Madison, Wisc.; 2nd Mice-Prest- 
dent: Mari "n Williams, Roc hester, Minn.; 
Secretary: John L. Pool, New York, N. Y. 
1016. Fifth 





Treasurer: Milton I ก ร 
Ave., New York 28, N. Y. 





The For E erena Annual Meeting of 


the Society will be held at the Roosevelt 





Hotel, New Orleans, La., April 8-10, 1965. 
DR, L. HENRY GARLAND 
HONORED 

The radiologists of his own state re- 


cently honored. Dr. L. Henry Garland on 
the completion of 30 vears as Honorary 
Secretary of the State Radiological Society. 
At the Annual Meeting of the Society held 
in Los Angeles อ ท March 22, 1964, Dr. 
Lowell S. Goin, on behalf of the officers and 
members, presented him with an engraved 
silver and oak plaque in appreciation of his 
long and devoted service. 


THE CANADIAN ASSOCIATION OF 
RADIOLOGISTS 

At the 27th Annual Meeting of the 
Canadian Association of Radiologists held 
at Vancouver, B. C., March 3, 1964, the 
following officers were elected for the vear 
1964: President: Ross A. Lobb, M.D.; 
Vice-President: Henri Lapointe, M.D.; 
Honorary Secretary- Treasurer: D. J. Sienie- 
wicz, M.D.; Associate Honorary Secretary- 


Treasurer: M. Dufresne, M.D. 





SOUTHERN RADIOLOGICAL CONFERENCE 
At the Eighth Annual Meeting of the 
Southern Radiological Conference held at 


the Grand Hotel, Point Clear, Alabama, 
January 31, and February 1 and 2, 1964, 
the following officers were elected: Chair- 
man: Dr. Monte A. Lauter, Mobile, 
Alabama; Vice-Chairman: Dr. Seymour 
Fiske Ochsner, New Orleans, Louisiana; 
Secretary-Treasurer: Dr. Marshall Esk- 
ridge, Mobile, Alabama (re-elected). 

The? Ninth Annual Meeting will be held 
at the Grand Hotel, Point Clear, Alabama, 
January 29, 30 and 31, 1965. 





X-RAY EXPOSURE STUDY 

The U. S. Public Health Service began 
on April 1, 1964, the second of a series of 
national x-rav studies designed to provide 
additional information about the. x-rav 
experience of the U. S. population, as an- 
nounced by Surgeon General Luther L. 
Terry. 

These studies are being conducted jointly 
by the Division of Radiological Health and 
the National Health Survey of the Public 





Health Service. A report on the first study 


covering x-ray visits from July 1960-June 
1961 was published by the National Health 
Survey in October, 1962. 

The study was planned by an advisory 
group headed by Richard H. C hamberlain 
of Philadelphia, and including ACR mem- 
bers, Russell H. Morgan of Baltimore, 
Harold O. Wyckoff of Washington, E. 
Dale Trout of Corvallis, Oregon, Carl 
Braestrup of New York City, and Robert 
O. Gordon of Philadelphia, among others. 

A number of efforts have been made in 
the past to obtain information about x-ray 
exposure in this country. These have been 
limited to selected populations or to cer- 
tain tvpes of examinations. The current 
study will be comparable in scope to the 
comprehensive studies made in other coun- 
tries as, for instance, the "Adrian study" 
made in Great Britain during the 1950's. 

The current study planners had available 
a report on a field trial conducted in Berks 
County, Pennsylvania, during the summer 
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of 1963 to test the methods and procedures 
to be used in the national study. A vital 
factor in the success of the field trial was 
the excellent cooperation of physicians, 
dentists and other practitioners who were 
asked to participate. A summary of the 
feasibility report appeared in the March 
issue of Public Health Reports (Gitlin, J. N. 
et al., 1964, 79, 185—192). 

The national study will extend the in- 
formation published in the National Health 
Survey Report by providing radiographic, 
fluoroscopic and therapeutic exposure esti- 
mates for a representative sample of the 
U. S. population. A third study is planned 
in which these exposure data will be trans- 
lated into dose estimates to specific body 
organs. This will be accomplished through 
continued collaboration with radiologists 
and physicists engaged in dosimetric re- 
search. 

The data collection phase of the current 
study which began April 1, 1964, consists 
of household interviews with the purpose 
of obtaining x-ray visit information for the 


News Items 


June, 1964 


preceding 3 month period. The survey will 
cover approximately 10,000 households 
and 32,000 persons. From May through 
September, 1964 follow-up questionnaires 
and film packs, designed to provide the 
required exposure information, will be 
mailed to practitioners or facilities identi- 
fied in the household interview survey. It 
is estimated that approximately 6,000 x- 
ray facilities will be involved during this 
périod. In each case, authorization to pro- 
vide the requested information will have 
been obtained from the household respond- 
ent. The cooperation of all practitioners or 
facilities receiving follow-up requests is es- 
sential to meet the objectives of the study. 

All information pertaining to individual 
patients, practitioners and facilities will be 
treated confidentially; only statistical sum- 
maries will be made available for publica- 
tion. 

For further information write to Dr. 
Donald R. Chadwick, Chief, Division of 
Radiological Health, U. S. Public Health . 
Service, Washington, D. C. 20201. ก 
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NATIONAL BUREAU OF STANDARDS 


Sare HANDLING or Rapioactive MATERIALS. 
Handbook 92, March 9, 1964, 107 pages, 40 
cents. 


This Handbook was prepared by the Na. 
tional Committee on Radiation and Measure- 
ments and is designed to help users to handle 
radionuclides without exposing themselves or 
others to doses in excess of established safety 
limits. The book covers control of radiation ex- 
posure; instruction and supervision of person- 
nel; physical safeguards; procedural safe- 
guards; radiation instrumentation, such as per- 
sonnel meters, fixed monitors, sample counters, 
and so on; transportation of radioactive ma- 
terials; and disposal of radioactive waste. 

Handbook 92 supersedes NBS Handbook 42, 
Safe Handling of Radioactive Isotopes. In the 
interval since Handbook 42 was published in 
1949, radionuclides have come into much 
wider use in research, medicine, industrv, and 
agriculture. Their applications in radiography, 
level and thickness gaging, food processing, 
well logging, and radiotracer testing have intro- 
duced problems of radiation safety in many 
helds, but this diversified use has also broadened 
the base of experience in their safe handling. 

The principles of radiation protection, first 
gathered together in Handbook 42, have been 
expanded and kept up to date in more recent 
publications, which, for the assistance of the 
reader, are listed in the present Handbook. 
Also referenced are other Handbooks where 
more detailed information can be obtained, 
such as accurate determinations of radiation 
doses and other complex technical problems 
outside the scope of Handbook 92. 


SHIELDING AGAINST Gamma Rays, NEUTRONS 
AND ELECTRONS FROM NUCLEAR WEAPONS. 
A review and bibliography by J. H. Hubbel 
and L. V. Spencer. Monograph 69, Feb. 24, 
1964, 36 pages, 30 cents. 


This Monograph discusses the problem of 
predicting dose rates and of estimating the ef- 
fectiveness of shielding from radiations result- 
ing from nuclear explosions. A number of exist- 
ing calculations and supporting experiments 
regarding the penetration and diffusion. of 
gamma rays, neutrons, and electrons through 
air and bulk materials are summarized. 

The problem of shielding against radiation 
due to nuclear weapons involves estimation of 
the radiation dose in an arbitrary configuration 
of radiation sources and shielding materials. 
In making such estimates, data for simple 
structure types have been very useful. This 
is because a complicated structure can often be 
schematized as a combination of simple struc- 
tures. The infinite, homogeneous medium, ภ์ .6., 
the total lack of structure, may be considered 
the simplest case, as well as the most useful. 

The Monograph is primarily a catalog and 
bibliography of experiments and calculations 
relating to simple configurations, including the 
infinite, homogeneous medium. It extends the 
documentation of Structure Shielding against 
Fallout Radiation from Nuclear Weapons (NBS 
Monograph 42), and indicates the availability 
of additional data, calculations, and corrobo- 
rative experiments, 

A selection of 485 references from the unclas- 
sified literature is given, of which 388 are cata- 
loged. These cataloged references include radia- 
tion field studies ranging from the point-source, 
infinite-medium situation up through such 
complicated geometries as foxholes, shelters, 
and conventional structures. 


Orders for these 2 publications can be placed 
with the Superintendent of Documents, U. S. 
Government Printing Office, Washington, D. C. 
20402. Foreign remittances must be in U. S. 
exchange and should include an additional one- 
fourth of the publication price to cover mailing 
costs. 
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Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


Bone CHANGES IN HEMATOLOGIC DISORDERS; 
(Roenrcen Aspecrs): A Mounr Sinai Hos- 
prraL MonoGrapH. By John E. Moseley, 
M.D., Associate Attending Radiologist, The 
Mount Sinai Hospital, New York; Director, 
Department of Radiology, Sydenham Hos- 
pital, New York. Cloth. Pp. 261, with many 
illustrations. Price, $9.50. Grune & Stratton, 
Inc., 381 Park Avenue S., New York 16, 
NX 1963. 

This monograph consists basically of a series 
of articles on the roentgen aspects of bone 
changes in hematologic disorders published in 
the Fournal of the Mt. Sinai Hospital between 
19:9 and 1962. To this has been added a dis- 
cussion of the bone changes in osteopetrosis 
and a short concluding commentary. 

Because the application of physicochemical, 
genetic, immunologic and anthropologic tech- 
niques to the study of hematologic disorders 
has led to some stunning revelations regarding 
the basic nature of these conditions, and, at the 
same time, some refinements in the roentgen 
diagnosis of the skeletal manifestations of these 
disorders have taken place, the author con- 
sidered it worthwhile to condense our current 
knowledge regarding the bone changes in 
hematologic disorders into one central source. 
'This bodv of information is complemented by 
his personal observations and some of the 
lingering misconceptions are pointed out. 

Utilizing the roentgenographic appearance 
of the skeletal changes as the central theme, 
the author presents a beautifully correlated 
clinical, pathologic and roentgenologic discus- 
sion of the anemias, classic hemophilia and 
Christmas disease, leukemia and myelosclero- 
sis, osteopetrosis, multiple myeloma, the retic- 
uloendothelioses and the malignant lympho- 
mas. 

While this monograph, with its remarkably 
detailed illustration of roentgen pathology, 1s 
primarily addressed to radiologists, its Atlas 
type quality will also be of considerable aid to 
the hematologist, pathologist, orthopedic sur- 
geon, pediatrician, and internist. 

A thorough cross index and a comprehensive 
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bibliography at the end of each section add to 
the practicalness and reference value of this 
unreservedly recommended little. classic on 
hematoskeletal disorders. 


Donatp M. Monson, M.D. 


La GranuLocirovotest: FISIOPATOLOGIA E 
(บ แง แด ล. Collana di Monografie a cura della 
dell’ Istituto di Patologia Speciale Medica 
della’ Universita di Genova, Genova, Italy. 
Cloth. Pp. 191, with 29 illustrations and 26 
tables. Price, L. 3,500. L. Capelli, Via Farini 
6, Bologna, 1962. 


Among the blood cells, the neutrophilic 
granulocytes are those most frequently involved 
in a great variety of pathologic conditions 
both clinical and subclinical--from true hemo- 
pathy to infectious diseases, provided that they 
arise as ล consequence of particular therapies or 
because of occasional exposure to harmful 
agents. 

Up to the present, the difficulties encountered 
in the study of granulocytes and granulocyto- 
poiesis have restricted the clinical evaluation 
of the degree of leukocytosis and leukopenia 
to the blood count and the morphologic exam- 
ination of the bone marrow--undoubtedly use- 
ful factors but too generic and consequently of 
limited importance. In order to obtain a more 
complete picture, it was essential to be in pos- 
session of additional facts concerning the re- 
newal of the granulocytes. 

The introduction of particular techniques for 
staining human granulocytes has made possible 
their study in accordance with exact quantita- 
tive and dynamic standards. The most import- 
ant material from which the investigations il- 
lustrated in the monograph are developed are 


the blood, the granulocytes are divided into 2 
parts of almost equal number and are inter- 
changeable among themselves; (2) the average 
life of blood granulocytes is very brief (about 7 
hours in normal conditions); approximately 48 
hours are required for all the granulocytes 
present in the blood to be replaced by new cells 
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arising from the bone marrow; (3) there is a 
reserve of fully developed granulocytes in the 
bone marrow ready to pass into the blood 
stream; this reserve Is very large (about ten 
times the bulk of the blood granulocytes) and 
is a functional element of particular impor- 
tance; it can alone ensure the normal replenish- 
ment of cells in the blood (the count therefore 
remaining unaltered) for 6—7 davs, even if the 
reproduction of bone iati Is su open ded. 

Radioisotope techniques have paved the 
way to efficacious use of simple tests such as 
Arneth's formula and mobilization of the re- 
serve 1n order to obtain an accurate prognosis; 
the application of these methods of research, 
therefore, extends beyond the strictly clinical 
field. 

The monograph is divided into 3 parts: the 
first is devoted to the physiopathology of gran- 
ulopoiesis; the second deals with the clinical 
study of granulopoiesis; and the third covers an 
exposition of the techniques and criteria o£ in- 
terpretation and calculation. Accompanying 
this exposition are 26 tables and 29 illustra- 
tions. 

An analytic index, as well as an index of the 
illustrations and tables, facilitates consultation. 

EMILIO GANASSINI 


BOOKS RECEIVED 


HIGH SENSITIVITY Counting TECHNIQUES. Inter- 
national Series of Monographs on Electronics and 
Instrumentation. Volume 20. By D. E. Watt, 
United Kingdom Atomic Energy Authority, 
Chapelcross, Annan, Scotland; and D. Ramsden, 
United Kingdom Atomic Energy Authority, Win- 
frith, Dorset, England. Cloth. Pp. 348, with many 
illustrations. Price, $12.00. A Pergamon Press 
Book, distributed by The Macmillan Company, 
bo F ifth Avenue, New York u, N. Y. 1964. 


DUCTIVE mn TEM, e ola an es i 
Symposium held at Colorado State University, 
Fort Collins, Colorado. Edited by William D. 
Carlson, Deparment of Veterinary Medicine, 
Colorado State University; and F. X. Gassner, 
late of the Department of Veterinary Medicine, 
Colorado State University. Cloth. Pp. 478, with 
many illustrations. Price, $14.00. A Pergamon 
Press Book, distributed by The Macmillan Com- 
pany, 60 Fifth Avenue, New York 11, N. Y., 1964. 


THe Lusg AND [rs DISORDERS IN THE NEWBORN 
INFANT, SE i in id Series, Tar Problems 
r, Con- 
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sulting Editor. By Mary Ellen Avery, A.B., M.D., 
Assistant Professor of Pediatrics, Johns Hopkins 
University School of Medicine; and Pediatrician- 
in-charge, Newborn Nurseries, The Johns Hopkins 
Hospital. Cloth, Pp. 224, with many illustrations. 
Price, 37.50. W. B. Saunders Company, Phila. 
delphia, Pa., 1964. 


THe RADIOLOGIC CLINICS OF NORTH AMERICA. 
Symposium ox RADIOLOGIC DIAGNOSIS op ACUTE 
ABDOMINAL Disease. Volume Il. No. 1. Guest 
Editor, Harry Z. Mellins, M.D. Cloth. Pp. 188, 
with many illustrations. W. B. Saunders Com- 
pany, Philadelphia, Pa., 1964. 


ATLAS or TOPOGRAPHICAL AND APPLIED Homan 
ANaroMvy, Volume H. Thorax, Abdomen and 
Extremities. By Eduard Peridot Edited by Dr. 
Helmut Ferner, Professor and Director of the 
Anatomical Institute, University of Heidelberg, 
Germany. Translated from German by Dr. Harry 
Monsen, Associate Professor of Anatomy, Depart- 
ment of Anatomy, University of [ห อ จ College 
of Medicine, Chicago, Ill. Cloth. Pp. 421, with 378 
illustrations. Price, 337.50. W. B. Saunders Com- 
pany, Philadelphia, Pa., 1964. 


Dig MENISCUSLAESION: PRAKTISCHE PROBLEME DER 
KLINIK, ARTHROGRAPHIE UND THERAPIE. By 
Priv.-Doz. Dr. P. Ricklin, Mannedorf bei Zürich; 
Priv.-Doz. Dr. A. Rüttimann, Zürich; and Priv.- 
Doz. Dr. M. S. Del Buono, Zürich. Cloth. Pp. 156, 
with 219 illustrations. Price Ganzleinen DM 4... 
Georg Thieme Verlag, Stiteoirt 1, Germany. 
In the U.S.A. and Canada, Intercontinental Med. 
ical Book Corporation, New York 16, N.Y., 1964. 


PNEUMOGINECOGRAEIA E Laparoscorra: UTILITÀ 
DELLA LORO ASSOCIAZIONE NELLA DIAGNOSI DELL’ 
rELVIPATIE. By Prof. Luigi Tenti, Istituto di 
Radiologia, Ospedale di Varese; Dott. Italo Belli, 
Istituto di Radiologia, Ospedale di Varese; Don 
Dott. Gianfranco Nocca, Servizio di Laparoscopia, 
Ospedale di Varese. Cloth. Pp. 168, with many 
illustrations. Edizioni Minerva Medica, Torino, 
Italy, 1963. 


a Roep ก ล OF NUCL EAR pee DIES. Med- 
"ก contract AT 40-1 N Hs i. the U ' 
States Atomic Energy Commission. Paper. Pp. 

105, with some illustrations and graphs. Price 
$2.25. Office of Technical Services, Department of 


Commerce, Washington 25, D. C. 


Raprotocy: CUMULATIVE INDEX (V). Volumes 7o- 
79, 1958-1962. Foreword by Howard P. Doub, 
M.D., Editor. Cloth. Pp. 399. Price, $16. £0. Radio: 
lop al Society of North America, Inc., 713 East 
Genesee Street, Syracuse, N. Y., 1964. 
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Morton, W. R., and TunNBULL, W.: Blowout 
fractures of the floor of the orbit.......... 
Doorzv, D. M., and PERLMUTTER, I.: Spon- 
taneous intracranial hematomas in patients 
receiving anticoagulation therapy: surgical 
เพ อ ร กก ล ง EU WR hp d 


NECK AND CHEST 


Brown, B. Sr. J., Dunsar, J. S., and Mac- 
Ewan, D. W.: Foreign bodies in the tracheo- 
bronchial tree in childhood. .............. 

Marrocu, F., and Cossu, F.: Personal tech- 
nique for the visualization of the thoracic 
dUCE cos (1 เ .55 


ABDOMEN 


POTVLIEGE, R. ¢ al.: Berg’s nodule: clinical, 
endoscopic, radiologic and anatomic com- 
parative study of three cases of ulcer pre- 
senting a central microlacuna............. 

CHODACE, P., and Hurwirz, A.: Lymph- 
angiectasis of stomach simulating polypoid 
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Morest, H. J., JR., and Ocusner, S. F.: Mega- 
bulbus of the duodenum in the adult: report 
of a case associated with annular pancreas 
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CIAMPELLI, L.: On two cases of perirenal 
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Brannan, W. e£ al.: Dehydrated-hydrated ex- 
cretory urography in the diagnosis of renal 
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SHENKIN, H. A. ei al.: Value of routine urog- 
raphy during cerebral angiography........ 

Simmons, J. L., and Jones, M. A., Jr.: Use of 
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Morron, W. Ross, and TURNBULL, WILLIAM. 
Blowout fractures of the floor of the orbit. 


Quebec, Canada.) 

The term, “blowout fracture of the floor of the 
orbit," as used originally by Converse and Smith 
signifies a fracture of the floor of the orbit with 
herniation of orbital contents into the maxillary 
sinus. This is not easily diagnosed and since the 
authors saw a series of § patients with such an injury 
during a 2 month period, it seemed advisable to re- 
port them. 

The floor is said to be the weakest portion of the 
orbit and a blunt blow directed at the contents of the 
orbit tends to fracture the weakest area, and forces the 
contents through into the maxillary sinus. Since the 
roentgenologic findings may simulate sinusitis, muco- 
cele, etc., the authors urge the use of laminagraphy 
in the Waters’ projection. Surgical correction is 
through the lower lid and aims at repairing the defect 
with teflon or some type of mesh.—Richard E. Kin- 
zer, M.D. 


Dootey, Donato M., and PERLMUTTER, 
InwiN. Spontaneous intracranial hematomas 
in patients receiving anticoagulation ther- 
apy: surgical treatment. ¥.4.M.4., Feb. 8, 
1964, 7387, 396—398. (Address: Dr. Dooley, 
4685 Ponce de Leon Boulevard, Coral 


Gables, Fla.) 


Intracranial hematomas may be caused by trauma, 
hypertension, aneurysms, arteriovenous malforma- 
tions, and angiomas. In addition to these causes the 
authors report 3 cases of hematomas arising spon- 
taneously in patients being treated with antico- 
agulants. 

Two of the 3 patients had been on prolonged 
therapy with warfarin, the other only for a matter of 
weeks. All 3 had been in the "therapeutic range" with 
ล prothrombin time of 25-30 seconds when appar- 
ently spontaneous intracranial bleeding occurred. 
Two of the hematomas were intracerebral, and the 
other was subdural. Significant and progressive 
neurologic signs were present and following treat- 
ment of depressed clotting mechanism, cerebral 
arteriography was performed with localization of the 
hematomas. Surgical removal was followed by re- 
covery in all 3 cases. 

In an addendum the authors report a fourth case 
successfully operated following the preparation of 


this paper.— Donald S. Linton, Fr., M.D. 


Abstracts of Radiological Literature 
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NECK AND CHEST 


Brown, B. Sr. J., Dunpar, J. S., and Mac- 
Ewan, D. W. Foreign bodies in the tracheo- 
bronchial tree in childhood. 7. Canad. 4. 
Radiologists, Dec., 1963, 75, 148—171. (From: 
lhe Montreal Children's Hospital, Mont- 
real, Quebec, Canada.) 


Review of 160 patients admitted to Montreal 
Children's Hospital, with one or more foreign bodies 
in the tracheobronchial tree revealed that the com- 
monest age group involved is from 1 to 3 vears, ac- 
counting for 76 per cent of all patients. The majority 
was diagnosed within 2 months of aspiration, but in 
5 patients the foreign bodies had certainly been pres- 
ent for over 1 year. The vast majority of foreign 
bodies could be classed as food, with peanuts (61.2 
per cent) the most common offender. Timothy grass 
was notorious for remaining undetected for long 
periods of time. In 10 per cent of the patients the 
condition was unsuspected on admission to hospital. 

The most frequent roentgenographic sign was ob- 
structive overinflation of one or more lobes, which 
occurred in 68.1 per cent of patients. This was about 
five times more common than the next frequent find- 
ing-—collapse of varying degree (13.8 per cent). Ín- 
filtration indicating some form of pneumonitis oc- 
curred as a presenting feature in 10.6 per cent of pa- 
tients. The foreign body could be visualized (was 
opaque) in 9.4 per cent. 

The foreign body lodged in the trachea in only 8.8 
per cent of patients, but lodged in a main stem 
bronchus in 69.1 per cent, of which 40.5 per cent were 
in the right main stem bronchus and 26.4 per cent 
in the left. Those which passed farther distally 
usually lodged in a lower lobe bronchus, approxi- 
mately 10 per cent on each side. 

Pneumomediastinum occurred in 2 patients and 
pneumothorax in 3 patients. Lung abscess with ex- 
tensive pneumonia was demonstrated in 1 patient. 
The most common complications were pneumonitis, 
which occurred in §.6 per cent, and bronchiectasis in 
3.1 per cent. The most significant factor in the de- 
velopment of complications appeared to be the dura- 
tion before removal. In the 3 severe cases of bron- 
chiectasis, many months passed before the foreign 
body was removed. 

Two patients died, one a 20 month old boy who 
had aspirated 2 peanuts, obstructing all but the right 
upper lobe, and the other a 16 month old boy who 
died during bronchoscopy, possibly because of par- 
tial occlusion of the uninvolved left bronchus during 
repeated and only partially successful attempts to re- 
move a peanut obstructing the right bronchus. The 
third patient developed anoxic brain damage. Ini- 
tially this patient had been thought to have en- 
cephalitis and the presence of a foreign body in the 
tracheobronchial tree was overlooked. 
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Surgery in addition to bronchoscopy was necessary 
in 7 patients, including those requiring surgery for 
complications of foreign body aspiration. 

There was agreement in roentgenologic and bron- 
choscopic findings in 84.4 per cent of cases. In the re- 
maining 14.6 per cent the lack of correlation was 
variable in degree. In 3 cases the normally ventilating 
lung was thought to show collapse, but subsequent 
roentgenograms or review of roentgenograms re- 
vealed the true situation. [n several patients the 
foreign bodies changed positions.-Lozs Cowan 
Collins, M.D. 


Marrocu, F., and Cossu, F. Tecnica personale 
per la visualizzazione del dotto toracico. 
(Personal technique for the visualization of 
the thoracic duct.) Radiol. med., Nov., 1963, 
40, 9457953. (Address: Dott. Francesco 
Marrocu, Istituto Radiologia Medica Uni- 
versità, Cagliari, Italy.) 


A new method of roentgenologic visualization of 
the thoracic duct is described. 

The patient lies supine on the roentgenographic 
table and after the usual preparation a lymphatic 
vessel of the dorsal aspect of each foot is chosen for 
the injection of the contrast medium. About 15-24 
cc. of lipiodol is injected in the two sides at the rate 
of 1 cc. every 6—7 minutes (in a few cases it might be 
necessary to inject up to 24-28 cc. in order to obtain 
a satisfactory opacification of the whole thoracic 
duct). The flow of the contrast medium along the 
lymphatic trunks is followed by frequent fluoro- 
scopic observations. Once the arch of the thoracic 
duct, situated high in the cervical region, 1s opaci- 
fied, the injection of the contrast medium is stopped, 
and the table is tilted almost vertically. In about 20 
minutes the column of the contrast medium in the 
thoracic duct is about to cm. high. At this moment 
the patient is asked to inhale deeply a few times in 
order to force more of the contrast medium upward 
until in reaching the arch of the duct it passes into 
the venous current. Another useful aid is the Val- 
salva maneuver. A patient normally has to remain 
standing about 30 minutes and the duct appears 
opacified homogeneously in its entirety for 15-18 cm. 
The table is returned to the horizontal position when 
the duct is opacified in its entire course from its 
origin to its point of emptying in the venous current. 

The roentgenograms are taken with the patient 
supine in the anteroposterior projection in which 
the arch is clearly demonstrated. The oblique views 
demonstrate the thoracic segment of the duct. 

The demonstration of the thoracic duct is facili- 
tated principally by the fact that the lipiodol is not 
soluble in the lymph and has a greater specific 
weight. Secondarily, due to the dynamics proper to 
the lymphatic trunks and the pressure with which 
the contrast medium is injected, a slow complete 
opacification of the duct is achieved. 
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At the end of the examination the patient is asked 
to remain in a sitting position for about 4 to 5 hours 
in order to avoid the possibility of the contrast 
medium passing into the venous current with a speed 
greater than normai.— 4. F. Goconi, M.D. 


ABDOMEN 


POTVLIEGE, R., ENGELHOLM, L., Desneux, J., 
and Porvitece, P. Le nodule de Berg: con- 
frontations cliniques, endoscopiques, radi- 
ologiques et anatomiques à propos de 3 ulcères 
présentant une microlacune centrale. (Berg's 
nodule: clinical, endoscopic, radiologic and 
anatomic comparative study of three cases 
of ulcer presenting a central microlacuna.) 


Hopital Universitaire Brugmann, Bruxelles, 
Belgium.) 


Three cases of ulcer with a very small depression at 
the center of the ulcer niche are presented. The 
analysis of these cases tends to confirm the opinion of 
Berg that the microlacuna at the center of the ulcer 
niche is due to a blood clot; hence the close relation- 
ship of this finding with the increased incidence of 
bleeding of such ulcer. 

This roentgen sign should indicate a closer watch 
of the patient, but not necessarily surgical interven- 
tion.—irair M. Sartan, M.D. 


CHODACK, PauL, and Hurwirz, ALFRED. 
Lymphangiectasis of stomach simulating 
polypoid neoplasm. 4.M.4. Arch. Int. Med., 
Feb., 1964, 773, 225-229. (Address: Dr. 
Chodack, 1204 Ditmas Avenue, Brooklyn 


N. Y.) 
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A proven case of lymphangiectasis of the stomach 
is described. According to the authors, only one case 
of probable lymphangiectasis of the stomach has been 
reported previously. 

The authors' case was detected at roentgenologic 
examination and thought to be a polypoid carcinoma. 
At operation a cystic mass was found measuring 34 
cm. in diameter. The mass and a portion of the 
mucous membrane were removed and the pathologic 
diagnosis was lymphangiectasis of the stomach. 

It is suggested that compressible tumors of the 
stomach may be missed by the surgeon. Fewer will be 
overlooked if the surgeon uses the bimanual compres- 
sion technique of palpation of the surgically exposed 
stomach. 

Reproductions of roentgenograms and photo- 
micrographs are included.—— foAn H. Harris, M.D. 


Moresi, Harry Jf. JR., and OCHSNER, SEY- 
MOUR Fiske. Megabulbus of the duodenum 
in the adult: report of a case associated with 
annular pancreas and ulceration. dm. 7. 


Vor. gt, No. 6 


Digest. Dis., Feb., 1964, 9, 170-174. (Ad- 
dress: 1514 Jefferson Highway, New Or- 


leans 12, La.) 


This report records the case of a 64 year old white 
male who was found to have a huge duodenal bulb, 
measuring approximately 11 cm. in diameter, a 
chronic penetrating postbulbar duodenal ulcer, and 
an annular pancreas above the ampulla of Vater. 

Megabulbus of the duodenum is defined as local- 
ized enlargement of the duodenal bulb and is much 
rarer than megaduodenum involving the entire loop. 
Megabulbus results as a complication of postbulbar 
duodenal ulcer or an obstructing congenital band or 
annular pancreas, In the presence of an annular pan- 
creas, duodenal ulcer may be found in as many as 30 
per cent of the cases. When the duodenal loop is ob- 
structed proximal to the ampulla of Vater, there is de- 
creased alkaline backflow into the bulb favoring the 
development of ulceration. 

The presence of a duodenal bulb in excess of ¢ cm. 
in diameter usually signals the presence of under- 
lying disease and diligent efforts must be made to 
demonstrate an ulcer of the mucosa of the bulb, a 
postbulbar ulcer, or an obstruction in the duodenum 
distal to the bulb. The presence of vigorous peristal- 
tic activity in the bulb would suggest the presence of 
an obstructing lesion. Decreased peristalsis or atony 
of the duodenal loop would indicate the presence of a 
generalized or neurologic disorder producing a large 
bulb as part of megaduodenum.—Yohn H. Harris, 


M.D. 


Varaparajan, M. G. Amoeboma of the large 
intestine. Punjab Med. 3., Oct., 1962, 72, 
169-174. (Address: Radiologist, the Govern- 
ment General Hospital, Madras, India.) 


The author reports a case of a patient who de- 
veloped a mass in the right lower quadrant with 
symptoms of partial obstruction. He had a previous 
history of amebiasis. Barium studies showed a filling 
defect involving the cecum. Stool examination was 
negative for cvsts or ova. 

Because of the patient's history, a trial of anti- 
amebic therapy was made. The condition improved 
markedly with subsequent disappearance of the 
mass. 

The author points out that ameboma should be 
considered in a differential diagnosis of a mass of the 
cecum.——George L, Sackett, ¥r., M.D. 


of the Peutz-Jeghers syndrome: report of 3 
cases. dim. J. Digest. Dis., Nov., 1963, 8, 
953-961. (Address: Department of Gastro. 
enterology, Cleveland Clinic, 2020 East 
93rd Street, Cleveland 6, Ohio.) 
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The importance of recognizing the Peutz-Jeghers 
syndrome lies mainly in the malignant potential of 
the various polyposis syndromes. The major dis- 
crepancy of opinion regarding malignancy in the 
Peutz-Jeghers syndrome appears to be that the 
polvps are now believed to be hamartomas, which at 
times may be confused with malignancy. 

The clinical hallmarks of the Peutz-Jeghers syn- 
drome are mucocutaneous pigmentation and intes- 
tinal polyposis. The pigmentation is in the form of 
melanin deposits, almost invariably about the 
mouth, on the ips and the buccal mucosa and, less 
frequently, around the nose and eves, and on the 
fingers and toes. In more than go per cent of such pa- 
tients the polyps are found in the small bowel. They 
also occur throughout the gastrointestinal tract. 
Gastric and rectal polyps are relatively frequent. The 
syndrome is thought usually to be inherited as a 
simple mendelian dominant; sporadic cases have 
been considered to be a result of genetic mutation. 

A father, daughter, and son each had the Peutz- 
Jeghers syndrome. The father had no abnormal pig- 
mentation but had polyps both in the jejunum and 
in the colon, and had undergone a total colectomy 
and an ileostomy for a presumed diagnosis of familial 
multiple polyposis of the colon, The daughter had 
the complete syndrome, proved at laparotomy. The 
son had typical pigmentation, but no history or evi- 
dence of gastrointestinal polyps. Another brother, 24 
vears old, had no abnormal pigmentation and no 
roentgenographic evidence of polyps of the small 
bowel or the colon. The mother had no symptoms to 
suggest the presence of intestinal polyps. 

The most frequent symptoms reported are ab- 
dominal pain due to intussusception by the small 
bowel polyps in about 85 per cent of cases, as well as 
melena, anemia, and fatigue. Abdominal surgery has 
been recommended only for obstruction or bleeding 
and not as a prophylactic measure. Radical or exten- 
sive surgical procedures have not been considered 
advisable. 

These cases are unusual in that the typical pig- 
mentation was absent in the father, despite the pres- 
ence of polyposis of the small bowel and colon. 
Typical pigmentation was present in the brother of 
the propositus, but was not associated with poly- 
posis. 

Polyps of the Peutz-Jeghers syndrome have been 
considered to be hamartomas by Morson. This view 
is supported by others, and by the authors. The 
microanatomy of these polyps strongly suggests a 
developmental origin: the principal malformation is a 
localized arborizing proliferation of the muscularis 
mucosae. The epithelial covering is essentially 
normal. 

Three cases of the Peutz-Jeghers syndrome in the 
same family, each representing a different facet of 
the syndrome, are reviewed.—Stephen N. Tager, 
M.D. 
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app. digest., Sept., 1963, 52, 883-908. (From: 
Hópital Bichat, Paris, France.) 


Lipomas of the colon are rare, yet among be. 
nign tumors of the large bowel, rank second in fre- 
quency after simple adenomas. They are encountered 
more often after the fifth decade. 

Anatomically, the subserous lipoma is the rarest; 
the submucous lipoma is more frequent and is well 
encapsulated. It has no particular vascular pedicle, 
but, it could be pedunculated or sessile. The mucosal 
เก could oe 1 d due to pem 
of pain. (เสา ก ฑา x denar iet e r, 
clinically most of the lipomas of the colon are silent 
or asymptomatic and are discovered roentgeno- 
logically or during surgery. The larger lipomas are 
more prone to necrosis; hence, extrusion and healing. 

The major complication of this tumor is an in- 
vagination of the large bowel. The roentgen signs of 
the colonic lipoma are those of a benign tumor: loca- 
tion in the proximal half of the large bowel; smooth 
borders; large volume; and increased translucency. 
The authors present 2 cases with several excellent 
roentgenograms.— Fzrair N, Sarian, M.D, 


WYCHULIS, ADAM R., Jackman, RAYMOND J., 
and Mayo, CHARL ES W. Submucous lipomas 
of the colon and rectum. Surg, Gynec. € 
Obst., Feb., 1964, 778, 337-340. (From: Sec. 


tions of Proctology and Surgery, Mayo 
Clinic and Mayo Foundation, Rochester, 
Minn.) 


Between 1948 and 1962, 67 cases of submucous 
lipoma of the colon were found surgically at the 
Mayo Clinic. In 38 cases the operation was per- 
formed primarily for the lipoma, while in 29 the 
lesion was found incidentally. 

The chief symptom was pain, sometimes colicky. 
Although blood was present in the stool almost one- 
third of the time, it did not correlate with ulceration 
of the tumor and was apparently due to other lesions. 
The tumors were rather uniformly scattered through- 
out the colon and were found in the cancer age group. 

The preoperative diagnosis was made roentgeno- 
graphically based on an intramural filling defect on 
barium enema study in 34 patients, and on the basis 
of radiolucency, smooth surface and changing shape 
on compression in 4 patients. Eight patients had in- 
tussusception. Four were found on proctoscopic ex- 


amination.—H. 7. Klos, M.D. 


SANEN, Frank J., Myerson, RALPH M., and 
TePLICK, J. GEORGE. Etiology of serious 
reactions to oral cholecystography. 4.A1Z./ 


Jose, 1964 


Arch. Int. Med., Feb., 1964, 773, 241-247. 
(Address: Dr. Myerson, Medical Service, 
Veterans Administration Hospital, Univer- 
sity and Woodlawn Avenues, Philadelphia 
4; Pa) 


The authors studied the effects of bunamiod yl 
(orabilex), sodium  ipodate (sodium — oragrafin), 
sodium tyropanoate (bilopaque) and iopanoic acid 
(telepaque) by administering the cholecystographic 
media to patients with portal cirrhosis and to pa- 
tients with no evidence of either renal or hepatic dis- 
ease. In addition, orabilex was administered in 9 gm. 
doses to 18 patients with. chronic renal insufficiency. 

The following observations were made: (a) ora- 
bilex did not aggravate the existing renal disease in 
those patients with renal insufficiency; (b) in the 
presence of marked hepatic disease, with or without 
jaundice, an increase in dosage of the cholecysto- 
graphic medium will not force visualization of the 
gallbladder or biliary tract; (c) in the presence of 
hepatic disease, the opaque medium is shunted to the 
kidney for elimination and the resulting high blood 
concentration of the opaque medium may produce a 
systemic hypotensive defect; (d) in a considerable 
percentage of patients with severe hepatic disease, 
renal function, as measured by blood urea nitrogen, 
blood creatinine and creatinine clearance, was im- 
paired following the administration of the cholecys- 
tographic medium; and (e) all normal patients had 
gallbladder visualization. 

Renal failure following the administration of oral 
cholecystographic media is probably on the basis of 
several factors, included among which are: (1) the 
choice and dosage of the contrast medium employed; 
(2) the presence of associated parenchymal hepatic 
disease; and (3) hvpotension. 

The authors hypothecate that there is no basis in 
fact to the concept that a large dose of contrast 
medium will force visualization of the gallbladder in 
the face of severe hepatic derangement or biliary 
tract disease. Furthermore, increasing the dose may 
lead to rapidly developing high blood levels of the 
contrast medium, associated with which may be the 
development of significant systemic and/or renal 
hypotension. ft is felt that the latter, resulting in a 
reduction of the glomerular filtration, is the primary 
mechanism of renal failure rather than a nephrotoxic 
effect of the opaque substances. In this regard, it is 
felt that the absorption index of the contrast medium 
is significant, and that the greater the absorption in- 
dex, the lower should be the administered dose. 

The clinician is admonished to adhere closely to 
the recommended dose of the cholecvstographic 
medium that is employed, since the dosage is de- 
pendent upon the absorption index and elimination 
ratio, each of which varies with the different contrast 
agents. The administration of these compounds to 
patients suffering from coronary insufficiency should 
be carried out with caution and the observation of 
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blood pressure readings is recommended.—Yohn H. 


Harris, M.D. 


เม ย p :: ^" ภา ซา ะ ญา จ 
GENITOURINARY SYSTEM 


CiaMPELLI, L. Su due casi di sclerolipomatosi 
perirenale อ อ ท spostamento anteriore della 
pelvi ed uretere associata a calcolosi ure- 
terale. (On two cases of perirenal sclero- 
hpomatosis with anterior displacement of 
the pelvis and ureter associated with ureteral 
calculi.) Radiol. med., Nov., 1963, 49, 988- 
1002. (Address: Badia Prataglia, Arezzo, 
Italy.) 


Two cases of perirenal sclerolipomatosis are re- 
ported. 

In the first case, a male of 52 years of age, the 
intravenous urography demonstrated a calculus in 
the lower third of the left ureter and an incomplete 
visualization of the pelvis of the left kidney. Retro- 
grade pyelography revealed an irregular filling defect 
of the pelvis of the left kidney and a minimal but 
definite anterior displacement of the pelvis and of the 
upper third of the ureter. These findings were thought 
to be the expression of a retroperitoneal neoplastic 
mass and the patient was operated on. At surgery, 
the pathologic finding was found to be due to peri- 
renal sclerolipomatosis. 

In the second case, a male of 48 years of age, intra- 
venous urography showed calcifications in the left 
kidney, a radiopaque calculus in the pelvis, and in- 
complete opacification of the calyceal system. Retro- 
grade pyelography demonstrated also an anterior dis- 
placement of the pelvis and of the proximal third of 
the ureter. A diagnosis of renal calculi, associated 
with displacement of the pelvis and upper third of 
the ureter due to perirenal sclerolipomatosis, was 
made. The diagnosis was confirmed at surgerv. 

The author believes that perirenal sclerolipomato- 
sis is a. peripyelitic reactive phenomenon similar to 
the inflammatory reactions noted in chronic inflam- 
matory processes. This hypothesis is based on the 
relative frequency at surgery of a thickening of the 
fatty tissue in the perirenal area in patients with a 
history of chronic kidney disease. In the 2 cases pre- 
sented, the sclerolipomatous reaction was thought to 
be in relationship with the long standing effect of the 
calculi, even though in the first case it was not in the 
kidney itself. 

To explain the anterior displacement of the pelvis 
one has to remember that the kidney is lodged be. 
tween the two sheets of the renal fascia; one, ante- 
rior, rather thin; and one, posterior, more resistant, 
which is adherent to the fascia of the quadratus 
lumborum. An increase in the content of the renal 
fascia, as might happen in an inflammatory process, 
will produce an increased pressure on its walls. The 
anterior wall, being less resistant, will tend to be dis- 
placed anteriorly. Also to be considered is that the 
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tissue most likely to be involved in the perirenal in- 
flammatory process is localized especially in the 
anterior portion of the renal lodge and around the 
hilus of the kidney; therefore, a hyperplastic reac- 
tion in this tissue will displace anteriorly the pelvis 
and part of the upper third of the ureter. 

The possibility of perirenal sclerolipomatosis 
should be kept in mind in the differential roentgeno- 
logic diagnosis of expansive retroperitoneal processes 
which can be demonstrated indirectly by displace- 
ment of the pelvis of the kidney and of the ureter. 
The main points in the differential diagnosis are: 1) 
anterior displacement of the pelvis and of the most 
proximal segment of the ureter on an axis perpendic- 
ular to the frontal plane; 2) this anterior displace- 
ment is not associated with a vertical or horizontal 
rotation of the pelvis; 3) in the roentgenograms taken 
during intravenous urography, the pelvis and the 
ureter at the uretero-pelvic junction demonstrate an 
incomplete and inhomogeneous opacification; and 
4) the posterior face of the pelvis and ureter, as 
visualized by the contrast medium, presents a semi- 
lunar contour, concave posteriorly.-—/4. F. Govoni, 


M.D. 


Brannan, WiLLIAM, BIRCHALL, Ropert, BAT- 
soN, Husu M., and KITTREDGE, W. E. 
Dehydrated-hydrated excretory urography 
in the diagnosis of renal arterial hyperten- 
sion. ¥. Urol, Jan., 1964, 97, 26-32. (From: 
Departments of Urology and Internal Med- 
icine, Ochsner Clinic and the Department of 
Research, Alton Ochsner Medical Founda- 
tion, New Orleans, La.) 





Numerous observers have utilized the principle 
that an ischemic kidney has a reduced blood flow and 
accordingly a lower rate of urinary flow resulting in 
increased concentration of para-amino-hippurate, 
inulin, and creatinine and decreased excretion of 
filtered sodium and water. These facts suggested to 
the authors that almost as much information might 
be obtained by a dehydrated-hydrated excretory 
urographic study as by a differential renal study. In 
the truly dehydrated patient, one can predict that the 
concentration of the opaque medium on the affected 
side will be equal to or slightly less than on the un- 
affected side. When the patient is later hydrated, and 
is undergoing maximum water diuresis, the con- 
centration in the pelvis of the affected kidney will be 
inevitably greater than that in the pelvis of the un- 
affected kidney. Thus, hydration will “washout” the 
picture of the pelvis of the normal kidney and leave 
intact that of the affected kidney. 

The authors prepare their patients with castor oil 
and then the patients are dehydrated overnight. The 
excretory urogram is obtained after rapid intrave- 
nous injection of 30 cc. of a 49 per cent hypaque solu- 
tion through a 16 gauge needle. Fifteen seconds after 
completion of the injection a film is exposed and then 
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additional exposures are made at 2, 3, 4, §, 10, and 15 
minutes after the injection. [f there is bilateral renal 
function, the patient is prepared for the hydrated 
study the next day. Nonfunction on either side pre- 
cludes further study. In order to hydrate the patient, 


study when 1 liter of tap water โร given within 15 to 
20 minutes. He then drinks 8 ounces of water every 
15 minutes until the test is terminated. After the 
bladder is completely emptied, 30 cc. of £o per cent 
hypaque ts injected intravenously and films are ex- 
posed at 5, 10, and 15 minutes after the injection. 

When the patient is dehydrated, the ischemic kid- 
ney will ideally show significant decrease in size as 
compared to its mate, a delayed nephrogram, pro- 
longation of the nephrographic phase, and delay in 
calyceal opacification if enough function remains to 
concentrate the opaque medium. Following hydra- 
tion, the ischemic kidney will reabsorb water ex- 
cessively and concentrate the opaque medium so that 
a "normal" pyelogram will be evident. In the op- 
posite kidney (the functionally normal kidney) the 
opaque medium 1s so diluted that only a faint trace ts 
seen. Interpretation depends on the distinct differ- 
ence in the opacification in the collecting system, and 
any other minor differences are not considered ab- 
normal. No abdominal compression is to be used dur- 
ing either the hydrated or the dehydrated phases of 
the study. 

The authors concluded that the nephrographic 
phase was occasionally difficult to assess, but they 
did note that the nephrogram of the involved kidney 
in all patients either appeared later or persisted 
longer than 1t did in the normal kidney. Assessment 
of the concentration of opaque medium in the two 
kidneys was felt to be difficult and somewhat un- 
reliable with the delay in appearance time of the 
medium in the calyces being more reliable. When the 
authors recorded separately the renal size, the nephro- 
gram, the appearance time, the calyceal opacification, 
the concentration of the opaque medium 1 ท the de- 
hydrated-hydrated state, and the occasional appar- 
ent absence of function on one side, they encountered 
no false-negative urograms. They note that the 
technique may not prove valid for a segmental lesion 
in one kidney or if there is bilateral disease in which 
the degree of stenosis is about the same. Significant 
elevation of the blood urea nitrogen level, with asso- 
ciated renal insufficiency, may invalidate the test.-— 
George IW. Chamberlin, M.D. 


SHENKIN, Henry A., POLLACK, HOWARD, 
SomacH, Frepric, and Biyarsorapat, SU- 
RIN. Value of routine urography during 
cerebral angiography. 7.4.\4.4., Jan. 18, 
1964, 787, 207-211. (Address: Dr. Shenkin, 
Episcopal Hospital, Philadelphia, Pa. 
10128.) 
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In view of the fact that there is not infrequent 
association between renal and cerebral disease 
states, it has been the custom for some time on the 
Philadelphia, Pennsylvania, toobtain a routine studv 
of the urinary tract in every patient undergoing 
cerebral angiography. The roentgenogram of the 
abdomen is taken $ minutes after the injection of 
contrast material for demonstration of the cerebral 
vessels, a timing which has proved more satisfactory 
than the 10-15 minute interval initially used. In a 
series of 275 patients so studied, 24 (9 per cent) 
showed clinically significant and generally unsus- 
pected abnormalities of the genitourinary tract. 
Common abnormalities previously known or avail- 
able for diagnosis on physical examination were not 
included in the 24. In another 11 patients (4 per cent) 
abnormalities of interest, if only of relatively minor 
significance, were detected. 

In 2 of 3 patients with cerebral aneurysms, poly- 
cystic renal disease was demonstrated. Ten patients 
were found with unilateral renal enlargements of 
which 4 were associated with neoplastic cerebral dis- 
the brain with the kidney likely as the primary site of 
tumor growth, and 1 was due to metastasis of a car- 
cinoma of the breast that had also spread to the 
brain. An atrophic kidney was detected in 4 patients, 
3 with associated occlusive vascular disease, 2 of 
whom were hypertensive. 

In the absence of urologic symptoms, the roent- 
genogram of the abdomen following cerebral angi- 
ography, taken for demonstration of the urinary 
tract, appears to be a worthwhile addition to the pro- 
cedure in that it will reveal disease that might other- 
wise go undetected.—Lois Cowan Collins, M.D. 


Simmons, ไอ ห ม L., and Jones, M. A., Jr. Use 
of the renal scintiscan in urology. T. Urol., 
Nov., 1963, 90, 542-654. (From: Depart- 
ment of Surgery [Urology] and the Depart- 
ment of Radiology, University of North Car- 


olina, Chapel Hill, N. C.) 


This report is a review of 166 scintiscans with the 
patient’s history, physical examination, blood urea 
nitrogen level, excretory urogram and scintiscan all 
being reviewed to learn what relation there might be 
between various renal diseases and the appearance of 
the excretory urogram and the scintiscan. It is an at- 
tempt to note conditions which alter the scintiscan 
and to determine in what situations the scan may 
contribute some additional information for the 
evaluation of various renal abnormalities. 

Mercury 203 labelled chlormerodrin was used in 
preference to I'!. The labelled chlormerodrin has 
been found to be primarily excreted by the rena! 
tubules, with glomerular filtration accounting for 
only about 1.5 per cent of the excretion of mercury in 
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the urine. À sufficient amount of mercury, however, 
is retained in the renal tubule cell to enable the renal 
outlines to be traced by an external counting device 
for a period of over 24 hours. The authors employed a 
Picker magnascanner with a 19 hole collimator, fo- 
cused at 21 inches and a 50 per cent isoresponsive line 
width of about $ of an inch. The scanning procedure 
was performed in the 2 to 6-hour period following the 
injection of 75 uc of mercury tagged chlormerodrin. 
The procedure was used to evaluate patients with 
renal hypertension, uremia, renal tumors, obstruc- 
tive uropathy, and post-traumatic renal damage. 

The results obtained from the study of patients 
with known renal hypertension have shown a good 
correlation between the excretory urogram and the 
renal scan in determining the size of the functioning 
renal mass. However, the scan was found to be in- 
consistent in many instances when the alteration of 
the concentration of the mercury scan might be ex- 
pected to give additional information. The scan was 
not found to be a satisfactory screening test for 
hypertension secondary to renal artery stenosis and 
should be used as a supplementary study, rather 
than as a substitute, to pyelography or aortography 
techniques. 

As has been demonstrated with the excretory uro- 
gram, an increase in renal insufficiency (as in uremia) 
results in a decrease in Hg? concentration until 
finally no renal pattern is apparent. Ultimately, the 
scan will only show hepatic outline. It has been found 
that with blood urea nitrogen concentrations up to 
the 30 to 40 mg. per cent range there is fairly good 
correlation between the appearance of the scan and 
the excretory pyelogram. With increase in renal in- 
sufficiency there are occasions when an excretory uro- 
gram will show nonvisualization, whereas the scan 
will continue to show a good renal outline. 

The renal scan has only occasionally been of addi- 
tional aid, over that provided by pyelography, in 
discovering renal tumors. Large lesions in the renal 
parenchyma will be displayed on a renal scan. How- 
ever, in the detection of peripelvic cysts of 3 cm. or 
less the scintiscan may appear normal. In fact, it is 
probable that any mass deeply situated in the kidney 
of 3 or 4 em. size or less may be missed not only be- 
cause of its size but also because it may be surrounded 
by sufficient normally functioning parenchyma to 
"mask" its location. 

In cases with complete obstruction of the ureter, it 
has been discovered that the excretory urogram will 
show nonvisualization at a time when the scintiscan 
would still show functioning renal tissue. It is sug- 
gested by the authors that the persistence of renal 
function by scintiscan may be a guide in determining 
whether or not the involved kidney will regain func- 
tion after the obstructive uropathy is relieved. 

The scintiscan has been found to be more reliable 
in cases of renal trauma than is the excretory pyelo- 
gram. 

One may conclude from this article that the renal 
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scintiscan does not replace either excretory urogra- 
phy or pyelography in the evaluation of renal dis- 
orders. It is a useful adjunct to the radiologist's 
armamentarium and in selective cases may provide 
the additional information necessary to make a 
definitive diagnosis. 

This article includes 20 
George W. Chamberlin, M.D. 


excellent figures.-— 


Winter, CHESTER C. Radioisotope uroflome- 
try and bladder residual test. Y. Urol, Jan., 
1964, 97, 103-106. (From: Division of 
Urology, Department of Surgery, Ohio 
State University Hospital, Columbus, Ohio.) 


Information concerning the patient's ability to 
urinate and evacuate the bladder is frequently de- 
sirable. When the radioisotope method of uro. 
Hometry is used, a scintillation counter with rate 
meter and recorder constitutes the necessary equip- 
ment. An average dose of § uc of radiohippuran is 
recommended. A measurable level of radiation is 
achieved in the bladder in 30 minutes after intra. 
venous administration, and in 60 to go minutes after 
the oral administration. The patient's bladder should 
be nearly full without overdistention at the time of 
the test. The scintillation counter is placed against 
the posterior aspect of the bladder and a record of 
the level of radioactivity is made. The paper speed is 
then increased to 6 inches per minute and the pa- 
tient instructed to void. 

As the bladder empties, the level of radioactivity 
diminishes and is recorded as a descending curve in 
the tracing. The maximal rate of descent of the trac- 
ing reflects the patient’s optimal flow rate and 
together with the consistency of the pattern is taken 
as an index of micturition ability. The degree of 
emptying 1s shown by the amount of residual bladder 
radioactivity. Division of the initial peak of vesical 
radiation into the residual bladder radiation level 
gives the percentage of residual urine in the bladder, 
using the background count as a baseline. The re- 
corded data may also be transformed into mean flow 
rates of milliliters per second, since the measured 
voided specimen is available. 

The author concludes that the radioisotope uro- 
flometry technique correlates well with catheteriza- 
tion residuals, urethrocystoscopy, urethrography, 
cystography and cystometry. The advantages of the 
method include: simplicity, permanence of the rec- 
ord, accumulation of dual data on micturition ability 
and bladder residual, possibility of serial studies 
(such as pre- and postoperative evaluations) and last 
but not least no hazard or trauma to the patient. The 
disadvantages include the necessity of possessing 
radiation. detecting equipment and the realization 
that false positive results can occur if the patient is 
not at ease or Is uncooperative.—George W. Chamber- 
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MasLorr, James Ll, and Bunts, R. Cart. 
The carbon dioxide cystogram. 7. Urol., 
Nov., 1963, 90, 658—664. (From: Urology 
Section, Surgical Service, McGuire Veterans 
Administration Hospital, Richmond, Va.) 


The authors acknowledge that persistent vesico- 
ureteral reflux is a significant pathologic entity par- 
ticularly in patients with a neurogenic bladder. 
Severe reactions to cystography have been of fre- 
quent occurrence in their patients most of whom have 
had spinal cord injury. Because of this, carbon di- 
oxide cystography was performed in an effort to re- 
duce the morbidity attending the ordinary cystogra- 
phy. A total of 69 patients, 63 with spinal cord dis- 
ease and 6 without neurogenic bladders, were evalu- 
ated. Seventy-six CO, cystographies and 57 contrast 
medium cystographies were done with the gas 
cystography one day and the contrast medium 
cystography the following day. Carbon dioxide was 
chosen because of its wide margin of safety as indi- 
cated by high solubility in plasma at 37° C. 

In performing the contrast medium cystography, a 
Foley catheter was inserted under aseptic conditions 
and the bladder irrigated with a clorpactin solution. 
Contrast medium was instilled into the bladder at 
the rate of 30 cc. per minute by gravity drip method, 
usually 100 cc. of medium being employed in a 
quadriplegic and 150 cc. in a paraplegic patient. 
After this a Cunningham clamp was placed around 
the penis, the catheter was clamped, and the initial 
film was exposed. When possible a 20-minute delayed 
cystogram was obtained. 

The carbon dioxide cystography was performed 
using 100 per cent carbon dioxide with the gas being 
delivered in a measured volume with the aid of a 5o 
cc. Luer Loc syringe and a 3 way stopcock. Insertion 
of the catheter and bladder irrigations were effected 
as described for the contrast medium cystography. 
CO, (150 cc. 100 per cent) was injected into the 
bladder at the rate of approximately 100 cc. per min- 
ute. If the patient could tolerate the procedure, the 
catheter was momentarily opened and another 150 
cc. CO, was injected. Cystometric determinations 
were made by connecting the Foley catheter (by 
means of a needle and a 20 inch segment of intra- 
venous tubing) to a mercury manometer. | 

Fifty-seven paired cystograms were available for 
comparison. Reflux was demonstrated in 16 pairs. Of 
these 16, identical correlation as to side and degree of 
reflux was demonstrated in 4. In one other case the 
correlation was essentially identical in that reflux ap- 
peared on the same side on both studies, but differed 
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in degree on one side. Thus in 5 of the 16 cases, there 
was essentially complete correlation between the 
contrast medium cystogram and the carbon dioxide 
cystogram. Therefore, there were 11 cases in whom 
reflux had been demonstrated, but in whom complete 
correlation was absent. When all patients are in- 
cluded, essentially complete correlation was found in 
81 per cent of the 57 paired cystograms. 

No real difference as regards the reaction to the two 
types of cystographies could be determined. 

The authors conclude that the carbon dioxide 
cystogram may be of value as a procedure for use 
especially in the patient with reflux who has had re- 
actions to previous contrast medium cystography 
and in whom follow-up studies are necessary. They 
do state, however, that the CO, cystogram is not re- 
liable for detecting fine shades of incomplete reflux. 

This article includes two tables and three figures.— 
George W. Chamberlin, M.D. 


McGowan, Larry. Diverticula of the urethra 
in women. G. P., Feb., 1964, 29, 88—91. 
(From: Department of Obstetrics and Gyne- 
cology, Stritch School of Medicine, Loyola 
University, Chicago, Ill.) 


Confirmation of the clinical impression of urethral 
diverticula in women may be easily made roentgeno- 
graphically by employing contrast medium. Fifty- 
seven female patients, 29 of whom had dysuria 
ranging from a few months to 5 years as chief com- 
plaint, are presented. Most had panendoscopic and 
roentgen examinations. Aside from direct instillation 
of the opaque medium via a needle or urethral 
catheter, or fortuitous demonstration of the urethral 
pouch during excretory urography or voiding cys- 
tography the largest group (24) was investigated by 
inserting a urethral catheter with the openings at the 
tip occluded. The filled retention bag was pulled 
securely against the vesicourethral junction and, 
while occluding the meatus, the medium was allowed 
to fill the urethra through the holes previously made 
in the catheter proximal to the retention bag. Films 
were exposed immediately. If possible, previous 
emptying of the diverticulum by digital pressure was 
done. 

The panendoscope was the most efficient in the 
opinion of the author for identifying the orifice or 
orifices of the sac. Urethrograms as described de- 
fined the size, shape and location. 

Surgical removal is recommended and described.— 
Newell Richardson, M.D. 
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active-labeled triolein (ab), 728 
-triolein absorption test. Il. Use of P?-triolein 
milk emulsion as an index of fat absorption 
in normal subjects and patients with 
malabsorption (ab), 729 
D, placentography by injection of human serum 
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mimetic agents, 192 
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MyYELOMENINGOCELE, air-panopaque ventriculog- 
raphy in congenital hydrocephalus and, 


647 
MYOCARDIAL INFARCTION, binding of radioactive tri- 


iodothyronine by erythrocytes in (ab), 247 
Myocarpium, idiopathic disease of: prospective 
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vesicoureteral reflux as cause of pyelonephritis 
of (ab), 716 
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of (ab), 944 
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1395 
arteries during renal vasography, spasm of (ab), 
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947 
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with, 1371 
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RHEUMATOID DISEASE in children (ab), 241 
RHINORRHEA, pan topaque visualization of congenital 
dural defect of internal auditory meatus 
causing; report of case, 640 
Rin Norcuixo, diagnostic implications of, 1064 
its many causes, 1075 
Ricurgn's strangulated hernia of stomach; case re- 
port, 766 
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reliability of (E), 928 
Roor CANAL THERAPY, air embolism from, possible 
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tory changes in (ab), 236 
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SCINTIGRAPHY, renal (ab), 719 

SELDINGER TECHNIC: survey of complications of 
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(ab), 481 
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drug induced intramural hematoma of, 808 
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(ab), 239 
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interpretation of (ab), 718 
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tumors, 37 
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ACQUIRED HEART DISEASE (continued) 


Case Two: Severe aortic stenosis with 


calcified aortic valve cusps 


rhe aortic stenosis had 





A 63-vear-old woman with a elinical picture of ti 


been ill with precordial pain on exertion. Chest radiographs indicated 


minimal cardiac enlargement (Figure. 1). Serial percu laneous tran: 
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femoral retrogr rade aortogram: 
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Figure 1: Preoperative 


adiograph, Note minima 





cardiae enlargement. 





Figure 2: Retrograde 


aortogram shows severe 





aorte stenosis, 
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Figure 3: Aortic valve prior lo valvulotomy. 






Figure 4: Aortic valve following valvulotomv. 


JAGRAM for Figure 3 to 
how essential morphologic 
eatures. 


egend: 
. Stenosed aortic valve 


. Drainage tubes in venae 
cavae 


. Snares (occluding tapes) 
about venae cavae 


. CO, catheter 


‘igure 2: Postoperative 
adiograph shows decrease 
n heart size. 


ผม For details of second case—turn to pages 3 and 4. 
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Figure 1: Preoperative 
radiograph of chest 
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Acquired Heart Disease: wo cases 


Case One: Aortic stenosis with six months 
history of precordial pain and dizziness 








of aortic 
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Figure 3: Aortic valve 


before valvulotoms. 


Figure 4: Aortic valve 
following partial re- 
moval of calcium. 





indication. of aortic insuf- 
hicienev. However, there was 
marked poststenotic dilatation. 
Coronary arteries were normal. 

At surgery, a tightly stenotic. 
heavily calcified aortic valve 
was found (Figure 3). Cal- 
clum was removed and the 
leaflets mobilized (Figure 4). 

Patient was ereatly improved 
following operation. Post- 
operative radiograph showed 
a decrease in heart size 


(Figure 5). 





Figure 5: Postoperative radiograph, 
Note decrease in heart SIZE., 
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HANLEY ECONOMY 14x17 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 


Án Authorized Binding 
for QUALITY AT LOW PRICES 


Vertical Filing 
We Build Special Size X-Ray Cabinets 


5 COMPARTMENT SIZE—DIVIDERS 14 x 17 
3 COMPARTMENT SIZE—DIVIDERS 14 x (7 


THE AMERICAN JOURNAL OF 
ROENTGENOLOGY 
RADIUM THERAPY AND 
NUCLEAR MEDICINE 


APPROVAL GUARANTEED—F.0.B. FACTORY—CATALOGUE 
HANLEY MEDICAL EQUIPMENT CO. 


58514 South Grand X-ray Division St. Louis it, Mo. 


Arrangements have been made for subscribers to 
have their journals bound into distinctively de- 
signed books. 


Six issues, January through June or July through 
December, bound in best grade garnet washable 
buckram imprinted with your name on cover, cost 
but $5.35 per volume. 

Bound, journals serve as an immediate reference 
for information and research. They conserve space 
and permanently preserve the important communi- 
cations from becoming mislaid or lost. Most im- 





In reply to advertisers please mention 
that you saw their advertisement in THE 
AMERICAN JOURNAL OF ROENTGEN- 
OLOGY, RADIUM THERAPY AND NU- 
CLEAR MEDICINE. 


portant of all they save time! 

Ship journals parcel post. Within forty-five days 
after receipt, bound volumes will be shipped pre- 
paid anywhere in the U.S.A, Full remittance must 
accompany order. 

PUBLISHERS’ AUTHORIZED 
BINDERY SERVICE 
(Binders of all Journals) 
430 W. Erie St, Chicago, Ilinois 60610 





CHARLES C THOMAS - PUBLISHER 
springfield - Illinois 
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THE JOURNAL OF THE CANADIAN 
ASSOCIATION OF RADIOLOGISTS 


published quarterly: March, June, September and De- 
cember. It is the official organ of The Canadian 
Association of Radiologists. 





Price $3.50 per annum in Canadian or equivalent funds. 
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The Canadian Association of Radiologists, 
1355 Summerhill Avenue, 
Montreal 25, Quebec, Canada 
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PHILIPS. UNIVERSAL - 
‘COBALT 60 
THERAPY UNIT 





Truly universal: Full facilities for rotation, ก tangen- 
tial and Stationary beam techhiques. 
Two versions : 3000 and 4500 RHM; each pee any. stand» 


ม ard source capsule. 
ee Output at centre 139 R/min. free-in-air at 60 cm with smaller - 
_ of rotation: version and 208. R/min. ‘with larger. 
ง isocentric coupling ‘Simplifies setting-up, speeds up treatment. 
. of stand and table: procedure: whilst one patient is being treated, 
M the next is already. set up on second table. 





inherently. rigid Smooth, silent, vibrationless in.operation. 
construction; -No special foundation required for installing. 
Built-in operational Patients and personnel fully protected against 
safety: | mechanical and'radiation hazards. 


Safety devices exclude risk. of treatment error, 


Er ou T shutter Goutce centred in head in beam "off" posi- 
mechanism: 2 ohn thus dimensións: of head could be kept 
relatively small yet ensure high radiation pro- 


tection. 


Complete set of accessories จ จ ล แล น ได้ 


: ac | PHILIPS | INTHE SERVICE OF THE MEDICAL WORLD 





| IS ‘by: the Philips organisation in ns Country. v in the LS.A. baoo- 
i "North Americam Philips Company, Inc., Medical & Dental Division, — 





C100; East 42nd Street, New York i7, N, Y. 





Further e ails and fully descriptive brochure will giadly be supplied. .—.—— | 
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